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equatorward  and  poleward  walls  of  the  trough  are  examined  in  rela- 
tion to  the  plasmapause  and  various  auroral  boundaries,  respec- 
tively . 

The  effects  created  by  precipitating  soft  particles  in  the 
upper  F- region  are  investigated,  focussing  on  the  electron  density 
enhancements  observed  beneath  the  dayside  magnetospheric  cusp  near 
local  noon  in  midwinter  under  very  quiet  magnetic  conditions.  The 
altitude  dependence  of  the  Cusp-Related  Electron  Density  Enhance- 
ments (CREDE) , their  behavior  during  magnetically  disturbed  periods 
and  the  implications  of  these  new  findings  for  high  latitude  plasma 
convection  models  are  discussed.^  — 

The  relationship  between  thex equatorward  edge  of  the  diffuse 
aurora  and  the  poleward  wall  of  the  main  trough  is  examined  using 
ten  near-simultaneous  events  recorded  by  the  DMSP  and  ISIS  2 sat- 
ellites in  December  1971.  It  is  found  that  the  equatorward  edge 
of  the  diffuse  aurora  (as  monitored  by  the  DMSP  satellites)  always 
appears  a few  degrees  poleward  of  the  main  trough's  poleward  wall. 
The  possible  physical  processes  in  the  auroral  ionosphere  that 
could  lead  to  the  observed  separation  between  the  two  boundaries 
are  discussed. 
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CHAPTER  1.  INTRODUCTION 

This  report  describes  the  final  scientific  results  of  a two- 
year  study  aimed  at  examining  the  relationship  between  severe 
ionospheric  gradients  and  auroral  and  magnetospheric  topology 
found  in  the  vicinity  of  those  gradients.  Two  F-region  charac- 
teristic features  were  singled  out  for  detailed  study:  (1)  the 
so-called  "main  electron  density  trough"  found  near  L = 4 during 
the  nighttime  hours  and  (2) the  topside  electron  density  enhance- 
ments associated  with  the  magnetospheric  cusp  location  in  the 
noontime  sector.  For  both  phenomena,  ISIS  topside  sounder  data 
were  used  to  define  the  most  appropriate  way  of  specifying  the 
latitude  and  altitude  variations  in  F-region  structure.  A sub- 
stantial effort  was  expended  in  arriving  at  an  "optimum  data 
base"  for  each  study.  Stringent  temporal,  seasonal  and  solar- 
geophysical  conditions  were  set  up  in  an  a priori  attempt  to 
define  the  best  possible  chances  of  finding  clear  and  consistent 
morphologies.  These  optimized  statistical  descriptions  of  the 
ionosphere  were  then  compared  with  appropriate  auroral  bound- 
aries, energetic  particle  precipitation  patterns  and  magneto- 
spheric topology  features  to  determine  their  quantitative 
relationships  to  one  another. 

The  major  part  of  the  scientific  results  described  in  this 
report  pertains  to  the  nightside  trough.  The  specific  concept 
we  wish  to  test  concerned  the  detailed  relationship  between 


the  poleward  wall  ot  the  F- region  trough  and  the  equat  orwa  rd  edge 
of  tlu>  continuous  (oi  diffuse)  aurora  (see  Figure  4.1).  Kner- 
getic  part  u'lo  precipi  t at  ions  aie  known  to  cause  both  features, 
and  thus  the  question  arises  ot  whether  or  not  detailed  know- 
ledqe  of  the  latitudinal  pattern  ot  one  can  be  used  t o predict 
the  detailed  structure  ot  the  other.  The  notion  of  specifying 
optical  auroral  features  from  ionospheric  data  is  not  nearly  as 
appealing  .is  the  reverse  possibility,  i.e.,  using  a simile  opti- 
ca 1 photoqraph  (obtained  dm  mu  a conventional  DMSP  or  ISIS 
satellite  pass)  to  specify  the  location  ot  an  important  F- region 
structure  ovei  the  extensive  qeoqraphic  area  covered  in  the 
photograph.  Since  topside  sounders  or  single-height,  in-situ 
satellite  probes  provide  tht'  only  rout  int'  way  ot  specifying 
trough  features  (and  only  along  a given  satellite  track),  the 
concept  of  using  satellite-borne  "optical  diagnostics"  to  infet 
F-region  structure  over  a region  much  more  extensive  than  the 
sub-satellite  track  implies  a capability  broadly  equivalent  to 
the  unrealistic  scheme  ot  having  many  simultaneous  ionospheric 
sounding  satellites  pass  through  .1  given  world  region. 

In  the  following  section  (Chapter  .?)  , the  tirst  step  taken 
to  test  this  "Auroral  Trough"  scheme  is  described.  An  optimised 
data  base  is  vie  fined  to  study  the  winter  nighttime  trough  toi  a 
period  of  very  low  geomagnetic  activity.  Following  a scheme 
suggested  by  Pike  (ll*7t0,  the  base  or  toot  of  the  trough's 
poleward  wall  is  used  as  the  key  anchor  point  t or  reckoning 
latitudinal  structure.  The  concept  is  then  expanded  into  a 
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multi-sectioned  altitude/latitude  trough  model  which  is  con- 
sistent with  all  previous  statistical  studies  of  various  trough 
features  at  specific  altitudes.  The  overall  results  imply  that 
if  the  latitude  of  the  equatorward  edge  of  the  aurora  (<}>  ) can 

cl 

be  specified,  and  <£_  is  assumed  to  coincide  with  the  latitude  of 

3 -1 

the  base  of  the  trough's  poleward  wall  ( ),  this  anchor  point 

pw 

can  be  used  to  key  the  statistical  models  of  Halcrow  (1976) , 
Feinblum  and  Horan  (1973)  or  Rycroft  and  Thomas  (1970)  to  real- 
time auroral  photographs  to  give  an  estimate  of  the  latitudinal 
and  local  time  structure  of  the  sub-auroral  nighttime  ionosphere 
to  within  an  accuracy  of  =±3°  near  <J>  , for  quiet  to  moderately 

SL 

active  conditions. 

A less  exhaustive  effort  was  given  to  the  study  of  combined 
trough  and  auroral  morphologies  for  disturbed  conditions.  A few 
significant  results  were  obtained  for  the  altitude/latitude 
trough  structure,  and  these  are  presented  in  Appendix  B. 

Chapter  3 deals  with  a companion  study  of  altitude/latitude 
F-region  structure  for  the  high  latitude  noontime  sector.  Again, 
an  optimum  set  of  data  were  defined  in  an  a priori  attempt  to 
isolate  "Cusp-Related  Electron  Density  Enhancements"  (CREDE)  in 
the  topside  ionosphere.  The  results  explain  why  the  CREDE  seem 
to  exhibit  such  an  elusive  occurrence  pattern,  and  in  the  process 
of  documenting  CREDE  effects,  the  first  detailed  set  of  topside 
Ne(h)  profiles  across  the  high  latitude  regions  beneath  the 
magnetospheric  cusps  is  presented. 
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In  Chapter  4,  a series  of  "case  studies"  are  described  which 
examine  in  a real-time  fashion  the  concept  of  using  DMSP  auroral 
images  to  infer  ionospheric  trough  morphology  over  wide  geograph- 
ical areas . For  each  case  study  event,  ISIS  topside  sounder 
latitudinal  profiles  of  foF2  (made  nearly  simultaneously  with  a 
DMSP  photograph)  are  used  in  conjunction  with  all  available 
ground-based  ionosonde  data  from  the  northern  hemisphere  and  the 
AFGL  chain  of  total  electron  content  (TKC)  observatories  near 
70°W  to  make  as  detailed  a comparison  of  ionospheric  and  auroral 
boundaries  as  is  possible. 

Appendix  A addresses  the  specific  question  of  the  behavior 
of  the  height  of  F- region  maximum  (h,„,v.  or  h F2)  along  the  entire 

III 

high  latitude  noon-midnight  meridian,  during  the  winter  solstice 
low  Kp  periods  described  in  Chapters  2 and  3. 
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The  Baselevel  Ionospheric  Trough 

Michaei  Mendiieo  and  C.  C.  Chacko 

Department  of  .fstronooty.  Boston  Cnteersttv.  Heston.  Massachusetts  02215 

Isis  2 electron  density  protiles  of  the  topside  7 region  obtained  during  December  I D7 1 have  led  to  a 
detailed  examination  of  the  ionosphere's  'main  trough'  region  under  an  optimum  set  of  geophysical 
conditions  A total  of  lit  individual  satellite  passes  during  a 2 1 -day  period  were  used  to  determine  the 
trough's  characteristic  features  under  the  conditions  of  midwinter  in  the  northern  hcmis|  here,  midnight 
local  time,  and  xcr\  low  magnetic  activity  The  morphological  description  obtained  from  this  rigidly 
consistent  data  base  iv  termed  the  ‘baselevel  trough  ' I he  latitudinal  profile  of  the  trough  at  A„„,  over  the 
40"  -NO"  corrected  geomagnetic  latitude  range  shows  that  while  the  cquatorwurd  edge  and  the  trough 
minimum  arc  wide  features  (7°  and  10°,  respectively ),  the  poleward  wall  is  sharp  ( - l|°)  1 lie  cqua- 
lorward  edge  and  the  trough  minimum  tend  to  lose  their  distinct  identities  toward  higher  altitudes,  while 
(he  magnitude  of  the  poleward  wall  enhancement  remains  nearly  constant  at  7 11  from  410  to  ‘HO  Km  I he 
trough's  poleward  wall  is  found  l°-2°  lower  in  latitude  than  the  statistical  position  of  the  cquatorwurd 
edge  of  the  diffuse  aurora  Ratios  of  topside  densities  to  the  peak  density  reveal  that  the  shape  of  the  A ,(A  I 
profiles  is  constant  from  mid-latitudes  to  the  trough  minimum  Within  the  minimum  a relatively  rapid 
change  in  topside  shape  occurs  which  marks  the  light  ion  depletion  region  characterized  hv  high  II'  O' 
transition  heights  The  northern  terminus  of  the  transition  height  enhancement  agrees  with  the  statistical 
position  of  the  magnetospheric  plasmapausc  Estimates  of  plasma  temperature  (/,  * /,)  show  only 
modest  enhancements  within  the  trough  minimum. 


Introduction 

Since  Muldrew's  |l‘)b.l|  initial  description  of  the  'iono- 
spheric trough'  appeared,  a wide  variety  of  morphological 
studies  have  been  carried  out  in  attempts  to  understand  more 
fully  the  trough's  spatial  and  temporal  variations.  Discoveries 
of  'multiple  troughs’  and  the  ‘light  ion  trough.'  plus  dis- 
cussions of  the  trough's  possible  relationship  to  the  plasma- 
pause,  added  complexity  to  subsequent  investigations  of  the 
trough  A certain  amount  of  confusion  and  ambiguity  contin- 
ues to  persist,  the  result  being  that  the  so-called  'main  or  mid- 
latitude'  trough  in  / region  electron  densities  is  today  an  often 
user)  label  for  a still  poorly  understood  phenomenon. 

Satellite-borne  probes  |c.g  . iulunav  and  Sayers.  I')7I|  and 
topside  sounders  |(  /tun  and  Cohn.  I%'».  Ryeroft  and  Thomas. 
I')7()|  have  been  the  main  data-gathenng  techniques  for  deter- 
mining the  trough's  structure  and  behavior.  These  have  been 
augmented  at  times  by  ground-based  radio  techniques  \Tiszka. 
I*)61;  Trans  and  llolt,  1071,  Hates  el  ai.  107.1;  (,  V.  Tartar. 
1071;  Mendillo  and  klohuchar.  1 0 7 5 1 and  magnetometer  net- 
works monitoring  Mill)  wave  polarization  characteristics 
[l.anzerotti  and  Tukuntsht.  1071  l anzeroltt  el  at  . 1076)  I hose 
methods  offer,  in  effect,  different  views  of  the  T region  trough 
with  varying  amounts  of  latitudinal  resolution. 

In  recent  scars  there  have  been  several  attempts  to  unify 
large  amounts  of  data  into  systematic  specifications  of  the 
trough's  characteristics  \Ceinhlum  and  Horan.  107.1;  Hate  rose. 
1076;  Wildman  et  at  . 1076],  The  use  of  large  data  bases, 
spanning  long  periods  of  time  and  analyzed  in  statistical  ways, 
provides  a convenient  way  of  examining  overall  trough  effects. 
Yet  in  the  very  process  of  analyzing  large  amounts  of  data  by 
using  statistical  techniques,  distortions  of  latitudinal  gradients 
arc  sometimes  introduced  This  can  be  particularly  both- 
ersome in  seeking  answers  to  questions  involving  the  trough's 
specific  relationship  to  such  morphological  features  as  the 
plasmapausc,  the  auroral  oval,  the  scintillation  boundary . etc 

Perhaps  the  most  intriguing  aspect  of  trough  morphology  is 
the  question  of  its  relationship  lo  the  magnetospheric  plasma- 
pause  In  Thomas  and  Du/our's  |l%!|  early  si  inly  the  feature 
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of  a ‘(roughed  T region'  was  suggested  to  be  the  natural 
consequence  of  declining  densities  with  latitude  interrupted  by 
aurorally  produced  ionization.  Within  this  framework,  how- 
ever. it  was  not  clear  whether  the  foot  of  the  held  line  marking 
the  plasmapausc  fell  along  the  equatorward  edge  of  the  trough 
or  at  its  center.  The  studies  of  R scroll  and  Thomas  ( l‘)70]  and 
Ryerojt  and  Harnett  |l‘>70|  showed,  on  a statistical  basis,  that 
the  center  of  the  trough  minimum  at  1000  km  and  the  plasma- 
pause  measured  in  the  equatorial  plane  were  aligned  along  the 
same  /.  shell.  However,  simultaneous  observations  of  the 
trough  and  the  plasmapausc  have  recently  raised  questions 
about  this  relationship  on  a case-by-case  basis  [Hrebou sk  t et 
at..  I ‘>76 1 

In  this  paper,  topside  / region  data  are  assembled  for  analy- 
sis of  the  trough  under  the  verv  favorable  conditions  of  a 
December  solstice  period,  midnight  local  time,  and  very  low 
geomagnetic  activity  This  optimum  set  of  data  is  used  to 
define  what  may  be  considered  to  be  the  'baselevel  trough  ' 
I he  average  morphology  thus  derived  is  expected  to  be  more 
representative  of  individual  troughs  observed  under  com- 
parable conditions 

In  examining  the  literature  on  the  / region  trough  we  lind 
that  no  uniform  definitions  have  been  applied  to  its  character- 
ization We  therefore  start  by  reinvestigating  the  traditional 
procedures  used  lor  defining  trough  morphology  It  also  ap- 
pears that  very  little  attention  has  been  given  to  examining 
whether  or  not  parameters  attributed  to  the  trough  (e  g . its 
position,  width,  or  poleward  wall  gradient)  depend  upon  the 
altitude  sampled  This  often  neglected  aspect  of  trough  studies 
(only  Chan  and  Colin  |l%‘>|  describe  it  in  any  detail)  could 
help  interrelate  previous  statistical  studies  carried  out  for  dif- 
ferent heights,  as  well  as  contribute  detailed  vertical  profile 
information  to  recent  theoretical  attempts  to  model  the  trough 
(see,  for  example,  Schunk  el  at  |ll>76|) 

Data  Hasi 

I he  data  set  used  for  this  sludv  was  derived  from  the  topside 
sounder  measurements  made  by  Isis  7 between  Decemhet  6 
and  27,  |‘)7I  I he  orbital  configuration  of  the  satellite  during 
this  period  was  such  that  the  nightside  mid-latitude  portion  of 
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passes  near  the  mu<ni|ihl  meridian  (27>0  24110  Ml  I I are  used  1 he 
lop  panel  shows  average  ft,,,.,  hehasior 


Us  track  in  the  northern  hemisphere  was  maintained  within 
hours  of  the  midnight  meridian  \ remarkabli  large  number 
t'O)  of  the  passes  m this  21-das  period  spanning  the  winter 
solstice  occurred  during  verv  quiet  magnelospheric  conditions 
(h/>  ■ l*f  Of  these  10  passes,  four  had  large  data  gaps  in  the 
40"  SO"  corrected  geomagnetic  latitude  (<  til  I range  of  inter- 
est to  us  It  was  possible  lit  idcnlilv  a well  debited  main  trough 
(see  the  section  on  umilvvis)  on  ' ' ol  the  remaining  passes, 
indicating  an  occurrence  lret|ucnc\  ol  SS'1 

\ careful  comparison  with  precious  statistical  studies  shows 
that  the  aboie  data  set  represents  possible  the  largest  so  far 
assembled  for  the  midwinter  quiet  tune  trough  near  local 
midnight  lulun,n  tinj  Silver*  . I*4'  1 1 examined  1287  troughs, 
be  far  the  largest  absolute  Member  of  troughs  included  in  a 
single  statistical  mcestigation  llowecct.  these  data  were  col 
lected  o\er  1 1 months  spanning  all  seasons,  all  local  tunes,  and 
the  entire  range  of  the  hp  index  Included  in  this  number  were 
4>  winter  (both  hemispheres)  troughs  detected  between  2200 
and  2400  hours  local  tune  and  ranging  in  Kp  from  Oo  to  ' t 
Note  that  oxer  one  half  ol  these  passes  would  have  had  to 
occur  in  the  middle  of  winter,  during  cere  quiet  magnetic 
conditions  [Kp v I i ) to  equal  the  si/e  ol  the  data  base  adopted 
for  the  present  studs 

In  our  analcsis,  electron  densitc  values  scaled  from  the 
lowest  qualitc  tonogr.ims  were  excluded  I he  data  acquisition 
rate  was  high  enough  to  alTord.  on  the  average,  three  electron 
densitc  profiles  lor  ecerc  2"  latitude  flits  is  at  least  At  Vi  belter 
than  the  highest  latitudinal  resolution  achieved  previouslv 
l/frvroff  u>ii / ihonun,  |v>7()|  l he  near-constant  height  of  1 4lH) 
km  maintained  be  the  satellite  also  made  it  possible  to  examine 
the  altitude  dependence  id  the  trough  consistentlv 


aieragmg  purposes  In  out  cave  lhe  box  width  was  and  '0 
'mid  night'  passes  with  A/»  • I t were  used  l he  results,  called 
average  electron  densitc  latitudinal  profiles,  appear  in  I igure 
I flic  signature  of  the  trough  appears  as  a broad  minimum 
centered  al  about  M)"  ( til  lhe  feature  grows  progressively 
weaker  with  altitude  until  4 SO  km.  where  it  is  huielc  dis 
cermble  It  is  possible  to  rccogm/e  clear  trends  in  the  carta 
(tons  of  the  slopes  of  the  dillerent  segments  comprising  the 
latitudinal  structure  Beyond  the  poleward  peak  the  high-lati- 
tude part  of  figure  I shows  a small  positive  slope  which 
changes  in  a regular  manner  to  a small  negative  slope  as  the 
altitude  increases  l he  trough  bottom  itself  exhibits  a similar 
hut  more  pronounced  behavior  I quatorward  of  the  trough, 
the  trend  is  again  one  of  larger  and  larger  negative  slopes  as 
altitude  increases 

At  the  top  of  f igure  I we  also  present  the  average  behavior 
of  hm„,  the  height  at  which  the  peak  electron  densitc  A,,,., 
occurs  On  the  average.  h,„„  decreases  from  approximated 
Itit)  km  at  mid-latitudes  to  about  .UK)  km  at  high  latitudes, 
most  of  the  decrease  occurring  at  the  latitudes  occupied  be  the 
trough  minimum  in  It  should  be  noted  that  the  derived 

values  of  A,,,.,  are  gencrallv  considered  to  be  less  reliable  Ilian 
the  values  obtained  from  !„/,  scalings 

It  is  difficult  to  identify  the  poleward  wall  of  the  trough  in 
figure  I.  in  spue  of  the  fact  that  the  poleward  wall  is  the  most 
prominent  feature  of  the  trough  appearing  on  most  id  the 
individual  Isis  latitudinal  profiles  I Ins  points  out  how  simple 
averaging  techniques  can  smear  out  significant  structure,  even 
when  a strict fv  defined  set  of  criteria  is  used  to  define  the  data 
to  be  averaged  I hus  the  results  in  I igure  I could  easilc  he 
interpreted  as  indicating  that  the  trough  is  either  weak  ot 
nonexistent  during  magnet ivullv  quiet  conditions,  a conclusion 
contrary  to  the  maioritv  of  the  '0  passes  used  to  get  I igure  I 

Since  the  base  or  fool  of  the  trough's  poleward  wall  is  the 
most  consistent  and  easily  recognizable  point  on  the  maioritv 
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Anm  xsts 

I he  tifNt  method  wc  adopted  for  characterizing  the  winter 
nighttime  latitudinal  structure  ".is  the  standard  practice  ot 
dividing  the  40*  SO*  1 i • I range  into  small  latitude  boxes  for 


I I .iiiimlm.il  profiles  ol  the  average  mam  trough  at  eight 

topside  heights,  obtained  tioin  ''  ol  the  '0  passes  used  to  dense 
I if'iiir  I 1 he  poleward  walls  ot  individual  houghs  vvete  htxuighi  to  a 
iomr.ion  position  heloie  aveiagmg  elcclion  dcusttv  values  (see  text  lot 
details!  f he  top  panel  shows  average  behavior 
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CORRECTED  OtQMBONiriC  LAtlTUDE 

Fig  3.  An  individuul  Isis  2 puss  illustrating  the  parameterization 
scheme  Data  were  gathered  by  the  topside  sounder  between  0M)8  and 
Ob28  UT  on  December  18.  I97|  The  two  sets  of  numbers  1-8  dctinc 
sesen  latitude  segments  of  ihe  electron  density  profile  at  Amaa  and  430 
knv  The  lop  panel  shows  the  variation  in  A„„, 

of  the  Isis  passes  for  December  1971  (us  was  pointed  out  in  the 
i analysis  of  Pike  ( I97fi|  this  key  position  was  used  in  our 
second  averaging  attempt.  Of  the  30  passes  used  to  get  f igure 
I,  seven  were  not  suitable  for  an  unambiguous  determination 
of  the  poleward  wall's  position.  1 or  the  remaining  73  passes 
the  base  of  the  trough  wall  was  selected  from  the  450-kni 
height  data.  All  of  the  passes  were  then  shifted  in  latitude  in 
order  to  align  the  trough  walls  at  their  mean  position  of  64.5° 
CGI  . and  then  the  N,{h)  versus  latitude  profiles  were  averaged 
as  before  The  effect  of  this  procedure  is  to  pick  the  individual 
troughs  out  from  the  continuum  and  thus  to  average  the 
feature  of  interest  rather  than  the  gross  latitudinal  structure. 
Figure  7 thus  shows  more  representative  average  main  trough 
profiles,  whereas  Figure  I gives  the  average  electron  density 
latitudinal  profile  over  the  4()o-80°  CGI  range. 

An  obvious  feature  of  Figure  7 is  the  well-defined  poleward 
walls  of  the  troughs  above  450  km.  At  A,,,,,.  however,  the 
trough  is  not  as  well  defined.  We  found  the  reason  for  tins  to 
be  that  while  the  base  of  the  poleward  wall  occurs  at  generally 
the  same  latitude  for  topside  heights,  at  A,,,.,  (usually  in  the 
300-  to  350-km  range)  the  poleward  wall  occurs  within  a few 
degrees  of  its  450-km  position,  and  thus  averaging  a movable 
feature  causes  it  to  be  smoothed  over 

In  order  to  simplify  the  overall  characterization  of  the 
trough  we  decided  to  employ  a third  representation  scheme 
which  takes  into  account  both  latitude  and  altitude  effects 
Fach  of  the  Isis  7 passes  in  the  40°-K0c’  CGI  range  was 
divided  into  seven  latitude  segments.  All  of  the  data  points 
within  a given  segment  were  fitted  with  a straight  line,  and  the 
slopes  and  intercepts  of  the  respective  straight  lines  were  then 
averaged  The  eight  latitudes  defining  these  segments  were 
determined  independently  at  two  heights  (Ama,  and  450  km) 

I igure  1 gives  an  example  of  this  'parameterization'  procedure 
for  the  main  trough  and  adjacent  features.  These  are  the  (I) 
mid-latitude  gradient.  (7)  cquatorward  trough  gradient,  (3) 


trough  minimum,  (4)  trough  poleward  wall,  (5)  auroral  peak, 
(6)  auroral  peak  decline,  and  (7)  polar  gradient.  Segments  1-5 
describe  generally  well  recognized  features,  while  segments  6 
and  7 represent  an  attempt  to  describe  quantitatively  the  domi- 
nant pattern  encountered  on  most  of  the  high-latitude  Isis 
profiles  used  in  our  study. 

The  parameterization  of  the  /V,(A)  data  above  450  km  was 
carried  out  by  using  the  eight  breakpoints  scaled  at  the  450-km 
level,  a procedure  clearly  justified  by  most  of  the  individual 
passes  (for  example,  see  Figure  3)  as  well  as  the  results  pre- 
sented in  Figure  2.  The  end  product  of  this  parameterization 
scheme  appears  in  Figure  4 In  examining  these  results,  note 
that  Figure  4 is  essentially  a 'linearized'  version  of  Figure  2 for 
heights  above  450  km.  There  is,  in  particular,  a smooth,  regu- 
lar variation  in  the  slopes  of  the  components  of  the  trough 
with  height. 

In  Table  I we  list  the  coordinates  of  the  intersection  points 
of  the  seven  latitude  segments  at  each  height  in  Figured.  This 
information  may  be  used  to  generate  readily  all  of  the  quan- 
titative features  of  the  baselevel  trough  depicted  in  Figure  4. 

In  order  to  compare  the  morphological  features  in  Figure  4 
with  those  determined  by  other  investigators  we  have  indicated 
the  positions  of  several  previously  published  boundaries  of 
ionospheric,  plasmaspheric,  and  auroral  phenomena  asso- 
ciated with  the  40°-H0°  CGI.  range  The  specific  parameters 
considered  are  described  in  Table  2. 

As  was  stated  earlier,  the  poleward  wall  of  the  trough  is  the 
most  conspicuous  feature  on  virtually  all  of  the  Isis  passes 
examined  in  this  study  We  found  that  this  feature,  identified 
by  points  4 and  5 in  Figure  3,  does  not  always  change  with 
height  in  the  same  systematic  way.  For  example,  the  ratio  of 
the  electron  density  at  point  5 to  that  at  point  4 decreases, 
remains  constant,  or  increases  w it h height  w ith  equal  probabil- 
ity. On  the  average  this  ratio  has  a value  of  2.15  from  450  km 
to  950  km.  On  the  other  hand,  the  ratio  of  the  average  electron 
density  within  the  auroral  peak  to  that  in  the  trough  minimum 
diminishes  smoothly  w ith  altitude  as  sh  > >n  in  Figure  5.  This 
pattern  is  basically  independent  of  whether  the  ratios  are  de- 
termined by  using  individual  passes  or  the  average  results 
presented  in  Figures  I,  2,  and  4. 

A related  aspect  of  the  height  dependence  of  the  latitudinal 
electron  density  profiles  is  the  ratio  /V(A)/Alm„.  The  average 
behavior  of  this  quantity  from  450  to  1400  km  over  the 
40°-80°  CGI.  range  is  given  in  Figure  6. 

Note  that  at  all  heights  up  to  950  km  the  ratios  remain 
basically  constant  over  the  40°-57°  (Til.  range.  At  1400  km 
the  transition  is  smoother  and  starts  at  a lower  latitude.  These 
results  indicate  that  the  shape  of  the  h'  region  A ’,(h)  profile  is 
invariant  from  mid-latitudes  to  approximately  the  base  of  the 
cquatorward  trough  wall.  The  sharp  transition  to  decreasing 
,Vr(A)  A values  occurs  entirely  within  the  trough  minimum. 
Beyond  the  poleward  wall  the  ratios  tire  again  constant,  in- 
dicating that  the  average  profiles  at  these  high  latitudes  have 
the  same  shape 

Discussion 

Uenera!  trough  morphology  Figures  2 and  4 summarize 
our  characterization  of  the  winter  nighttime  trough  for  mag- 
netically quiet  times.  Our  parameterization  results  (Figure  4 
and  Table  I)  describe  this  baselevel  trough  in  a quantitative 
way.  capable  of  being  compared  w ith  results  obtained  b\  other 
workers.  The  specific  points  of  comparison  listed  in  Table  2 and 
indicated  in  Figure  4 need  some  elaboration  The  statistical 
results  of  Feinhlum  anil  Horan  1 1 9 7 3 1 and  Halcro n ||97p|  can 
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fig  4.  A representation  lor  the  baselevcl  main  trough  constructed 
from  22  of  the  30  passes  used  to  derive  f igure  I (for  details  see  test  I 
1 able  I lists  coordinates  of  the  intersection  points  of  the  seven  latitude 
segments  at  each  of  the  eight  topside  heights  shown  ( omparisons 
with  previous  work  indicated  h>  numbers  1-10  arc  listed  in  fable  2 


be  used  to  generate  the  lour  latitude  breakpoints  defining  the 
trough's  equate. ward  edge,  minimum,  and  poleward  walls  in 
peak  density  These  results,  plotted  as  points  lu.  I h.  le.  and  I J 
and  2<r.  2 />.  2c.  and  2d  along  the  curve,  are  in  remark- 

ably good  agreement  with  the  low  Kp  results  presented  in 
figure  4 The  only  difference  to  note  is  that  the  width  of  the 
poleward  wall  is  smaller  in  our  analy  sis,  owing  primarily  to  the 
higher  spatial  resolution  of  the  Isis  2 topside  sounder 

I he  eleclron  densities  in  the  trough  minimum  at  h,„„  have 
as  an  average  value  5 X 10*  el  cm5,  a number  consistent  with 
l he  2-MH/  critical  frequency  usually  associated  with  the 
trough  The  height  of  the  peak  density,  as  described  in  figure 
I.  shows  a tendency  to  decrease  over  the  latitude  range  domi- 
nated by  the  trough.  This  is  contrary  to  the  usual  picture  of  the 
trough  is  a region  of  low  density,  high  temperature,  and 
consequently  high  (see.  for  example.  G \ /ut/nr  1 1973)). 
The  unique  aspect  of  very  low  A/>  associated  with  our  results 
suggests  that  the  baselevcl  trough  characterized  here  may  not. 
in  fact,  have  verv  much  enhanced  plasma  temperature  asso- 
ciated with  it  We  will  discuss  this  point  further  in  regard  to 
possible  plasinapause  signatures  described  below 

In  comparing  the  altitude  dependence  of  trough  features 
above  with  that  determined  by  others  we  note  that  the 
Ai  i rail  uni/  / hiitmii  | I47(l|  values  for  the  latitude  of  the  trough 
center  and  poleward  wall  boundaries  at  1000  kin  are  again  in 
excellent  agreement  vs  it  h those  presented  in  figure  4 (see 
points  hr.  t/i.  and  3c)  Both  the  trough's  center  at  550  kut 
derived  from  I ulumu  urn/  Suverv  (|v)7||  analysis  (see  point  41 
and  the  trough's  minimum  \,  value  of  2 6 x |(Pe!  cm' at  400 
km  |(  hun  mul  ( o/m.  I Mb')  | are  also  in  good  agreement  with 
f igure  4 

I timing  to  more  general  altitude-dependent  features,  we 
note  that  the  5.  versus  latitude  gradients  from  nnd-laliludes 


TAB!  f I Coordinates  of  Ar(/r)  Versus  I atiimfe  Segmenlv  I roin  Pm/  nc!cri/.iiion  Analysis 
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' is  the  electron  concentration  in  units  of  I0‘  el  cm';  » is  the  corrected  geomagnetic  latitude  in 
degrees 

Segment  1-2  is  ihe  mid-latitude  gradient,  segment  2-3  is  the  eqtiatorward  trough  gradient,  segment 
t 4 is  the  trough  minimum,  segment  4-3  is  the  trough  poleward  wall,  segment  5-h  is  the  auroral  peak, 
segment  b-7  is  the  auroral  peak  decline,  segment  7_s  is  the  polar  gradient 
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to  the  loot  of  the  poleward  wall  become  increasingly  in- 
distinguishable lor  heights  .those  /(„,„„.  lilts  tendency  for  the 
equators* ard  edge  of  (he  trough  to  disappear  ssith  increasing 
altitude  was  noted  bs  Culvert  |I466|  and  Chan  anil  Culm 
||464| 

Our  results  for  ihc  poleward  wall  gradients  differ  dramati- 
cally from  those  of  ( Inin  ami  ( olin  | I4(>4),  owing  mam  Is  10  ihe 
5°  limit  on  latitude  resolution  in  Ihe  earlier  studs  W hile  t han 
and  Colin  placed  the  trough  minimum  at  hl°  and  the  poleward 
peak  .11  78°,  f igure  4 shows  that  Ihc  gradient  actual!)  occurs 
over  a much  smaller  spatial  estent  Yet  our  average  poleward 
wall  densils  ratio  of  7 15  over  a latitude  range  of  0 5°-l  5° 
appears  to  be  smaller  than  that  found  hv  the  H'ildman  ei  ul 
||47h]  studs  where  in  situ  probe  data  achieved  an  even  higher 
spatial  resolution  finally , it  mas  be  concluded  that  bs  sir- 
lualls  ans  characteri/ation  of  the  trough  employing  two 
gradients  separated  bs  a well-defined  minimum  Ihe  trough 
signature  gets  weaker  with  increasing  altitude 

Trough’s  relationship  to  auroral  boundaries  The  trough's 
most  prominent  feature,  its  poleward  wall  or  cliff,  has  long 
been  considered  to  be  the  result  of  particle-induced  (auroral) 
lom/ution  [Thomas  and  Dutaur,  I 4pS;  Sharp.  1466;  Kvcroft  and 
I homos  I470|  Our  results  presented  in  figure  4 show  that  the 
foot  of  the  poleward  wall  at  h,„„  lies  approximately  2J°  equa- 
torward  of  the  statistical  position  of  the  hand  of  diffuse  aurora 
for  low  Kp  (see  points  8 and  4,  taken  from  the  studies  of  I ui  el 
al  1 1475)  and  Sheehan  and  Carovillano  |I476|)  Point  10  in 
figure  4 marks  the  center  of  the  classic  feldstein  oval  for  low 
hp.  a point  about  .1°  further  to  the  north  for  heights  above 
h,„„.  f igure  4 shows  a tendency  for  the  fool  of  the  poleward 
wall  to  lie  closer  to  the  latitude  of  the  equatorward  edge  of  the 
diffuse  aurora  However,  the  lop  of  Ihe  poleward  wall  (point  5 
in  our  parameterization)  lies  at  vers  nearly  the  same  latitude  at 
all  altitudes  Its  approximate  location  at  66°  is  1°  equatorward 
of  the  diffuse  aurora,  a value  consistent  with  the  work  ol  Hales 
et  al  1 1 47 ) |,  which  reported  a l°-2°  separation  from  the  s isual 
aurora 


hi  2°  at  1 400  km 
65  .1°  al  1400  km 

Trough's  relationship  to  the  plasmapause  The  plasmapause 
was  lirsl  defined  by  Carpenter  (I466|  in  terms  of  its  equatorial 
morphology  Subsequent  111  situ  satellite  measurements  |c  g , 
Chappell  et  al . 1470)  showed  that  the  electron  density  dis- 
continuity at  the  equatorial  plasmapause  is  generally  a factor 
of  ID1- HP  in  about  one  half  of  an  earth  radius.  If  this  feature 
were  preserved  along  a geomagnetic  field  line,  a plasmapause 
at  / . = 4 or  5 would  manifest  itself  as  some  sort  of  dis- 
continuity over  approximately  1.5-2  0 degrees  of  latitude  at 
ionospheric  heights.  If  Ihe  magnitude  of  the  electron  density 
drop  across  the  equatorial  plasmapause  were  preserved  in 
absolute  value  down  to  T region  heights,  a change  of  even  HP 
el  cm’  would  be  nearly  impossible  to  detect  at  /t,„„  where 
ambient  densities  he  in  the  HP- IIP  cl  cm*  range.  High  in  the 
topside  ( h '■  1000  km),  where  ambient  densities  are  of  nearly 
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I ig  S Attitude  dependence  of  the  ratio  of  the  average  electron 
density  in  the  auroral  peak  to  that  in  the  trough  minimum  determined 
h>  using  the  average  results  presented  in  I igure  2 
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I ig  b Average  willies  of  the  relative  electron  densities  |.V(M  Vm.,]  lor  seven  topside  heights  from  450  to  14(H)  km  The 

superimposed  smooth  curves  are  added  for  clarity 


the  same  order  as  those  found  in  the  equatorial  plane,  a ledge 
of  this  magnitude  could  he  detected.  Yet  perhaps  the  most 
striking  feature  of  f igure  4 is  that  no  discontinuity  of  any 
appreciable  magnitude  occurs  over  the  If- 2 degrees  of  latitude 
where  the  quiet  plasmapause  would  be  expected  to  lie  (sec 
points  5 and  hi.  Only  the  poleward  wall  exhibits  such  a 
gradient,  a feature  well  understood  as  resulting  from  auroral 
precipitation  effects.  Thus  in  spite  of  the  fact  that  the  analysis 
used  to  derive  figure  4 accentuated  latitudinal  gradients  there 
is  little  or  no  evidence  for  an  ionospheric  manifestation  of  the 
plasmapause  at  the  altitudes  sampled.  It  should  be  emphasized 
that  this  conclusion  holds  for  the  very  quiet  geomagnetic  con- 
ditions under  consideration  here,  since  ev  idence  does  exist  that 
trough  plasmapause  signatures  may  be  found  at  individual 
topside  heights  during  disturbed  periods  (see,  for  example,  the 
Norton  and  Undlay  | 1 4b9|  Alouctte  2 results) 

If  one  examines  two  or  more  topside  heights  at  a time,  as 
was  done  in  arriving  at  figure  b,  then  the  identification  of 
detinue  plasmapause  effects  in  the  F region  becomes  possible. 
The  A, (A)  A,,,.,  ratios  display ed  in  figure  b indicate  that  a 
relatively  sudden  change  in  shape  of  the  topside  profiles  occurs 
at  latitudes  within  the  trough  minimum  Beyond  57“  this  tran- 
sition to  reduced  scale  heights  seems  opposed  to  most  studies 
of  the  trough,  which  find  the  region  to  have  greatly  enhanced 
plasma  temperatures  during  periods  of  moderate  or  active 
geomagnetic  conditions  [.Vnrrun  and  Findlay,  1464;  Miller. 

1 470,  (>  N Taylor.  14731.  The  latitude  range  over  which  the 
quiet  tune  \,(fii  A,,,.,  ratios  decrease  in  the  present  study 
must  therefore  mark  a rapid  transition  to  increased  mean  ion 
mass.  Specifically,  at  latitudes  equatorward  of  57“  the  mean 
ionic  mass  must  be  due  to  a combination  of  H ’,  He*,  and  O' , 
while  beyond  b5°  the  dominant  ion  must  be  O' . This  transi- 
tion zone,  occurring  most  noticeably  over  the  54“-b3“  C’Cil 
range,  marks  two  ionospheric  manifestations  of  the  plasma- 


pause, namely,  the  light  ion  trough  [ //  4 Taylor.  1472)  and  a 
rapidly  increasing  'll'  O’  transition  height’  [Tilheridge. 
147b). 

In  discussing  the  7i„,„,  morphology  across  the  latitudes 
dominated  by  the  trough  we  noted  earlier  that  our  lower  hm„ 
values  within  the  trough  minimum  (see  figure  I)  were  con- 
trary to  the  notion  that  the  trough  is  a low-density  high- 
temperature  region.  We  pointed  out  above  that  if  any  increase 
in  temperature  did  occur  within  the  trough,  its  effect  upon 
scale  height  was  overpowered  by  the  influence  of  mean  ionic 
mass.  O’  V Taylor's  11473)  incoherent  scatter  measurements 
showed  the  trough  to  have  enhanced  plasma  temperatures  ( T, 
+ /',)  by  over  1 5(H)” K , while  \orton  and  Findlay's  (I4b4|  data, 
obtained  during  more  active  conditions,  showed  T,  increases 
of  nearly  3(KK)°K. 

In  figure  7 we  present  average  topside  ,V,(A)  profiles  at  the 
four  representative  latitudes  45°,  52°,  b()“,  and  b7.5“.  These 
may  be  used  to  examine  the  interplay  between  temperature 
and  ionic  mass  effects  upon  the  topside  scale  heights.  If  one 
assumes  that  the  A,(A)  slopes  at  500  km  correspond  to  purely 
O'  scale  heights  (//  k(T,  t 7', ) m,g).  then  the  derived 
temperatures  show  only  about  a 4(X)“k  enhancement  from  the 
equatorward  edge  to  the  trough  minimum  (sec  Table  3)  The 
fact  that  \r(h)  A ratios  at  450  and  550  km  show  a decrease 
at  these  latitudes  strongly  suggests  that  some  light  ion  deple- 
tion occurs  at  relatively  low  topside  heights.  The  (7,  + /,) 
values  derived  at  45“  and  52“  are  therefore  somewhat  over- 
estimated Nevertheless,  the  temperature  differences  across  the 
trough  would  still  be  quite  small  in  comparison  to  those  re- 
ported by  Xorton  and  Findlay  |l4b4)  and  (>  V Taylor  ) 1 47 A) 
for  more  active  times.  We  consider  this  to  reflect  the  true 
thermal  structure  across  the  latitudes  dominated  by  the  trough 
for  the  baselevel  conditions  described  here  The  temperature 
we  derived  for  the  equatorward  edge  ( 5 27bO“k  I is  not  incon- 


} 

( 

i 

i 


j 


r 


Ml  Mill  ( l»  AM>  ( 'HM  K«»  I'm  HaMIIUI  KU  I KOI  t.  II 


f-T-r-r-n” 

\ \ 


4 V • MU'  l ATITUOE  S 

V • I ROUGH 

t'QllATONTMARO 

EOGE 


v-.\ 


60*  * THOUGH 

MlMMOM 


t>f  ?>• • TROUGH 

POl  t WARD  PE  Ak 


to3  lO4  I09 

E Li  C I RON  CONCENTRATION  leU'm5) 

I ig  ■*  Average  topside  vrrlic.il  electron  densitv  profiles  lot  4'", 
'7".  60°,  and  n4  ( til  . obtained  from  the  results  presented  m 
l igure  2 

Mstcnl  with  the  .Tb75°k  average  temperature  measured  at  >00 
km  at  Millstone  Hill  ( 5 >>“  ) Tor  the  nights  of  December  -1-27 
and  2R-24,  I *>70  |/ftw/i  unci  Holt,  147b],  considering  that  Ihose 
two  periods  were  a vear  closer  to  solar  maximum  and  that 
magnetic  conditions  was  characterized  hv  Kp  2 

In  the  lower  half  of  Table  plasma  scale  heights  at  400  km 
from  the  four  representative  latitudes  in  I igure  7 show  a 
steadv  decrease  with  increasing  latitude  Our  estimate  of  the 
thermal  and  mean  ion  mass  behavior  associated  with  this 
pattern  assumes  ( I ) the  same  vertical  temperature  gradient  at 
>2"  as  was  found  hv  f t.iiiv  uml  Hull  |l47b|  at  Millstone  Hill. 
(7)  the  latitudinal  temperature  gradient  at  400-  1000  km  found 
bv  Miller  [ I *>70]  and  Ittherulge  ||47b|  tor  latitudes  equa- 
torward  of  the  trough  minimum,  and  t't  a purclv  O high 
latitude  domain  The  resultant  mean  ion  masses  give  all  O 
transition  height  below  '>00  km  at  4>°  and  sliglulv  above  400 
k m at  >2°  The  derived  temperatures  peak  in  the  trough  mm 
imunt.  the  lowest  overall  value  occurring  al  the  latitude  ol  the 
auroral  peak  (67  5°  I 

The  II  O transition  heights  of  K00  1000  km  at  mid  lati 
Hides  winch  niav  be  inferred  from  I able  ' agree  with  those 
reported  lor  winter  nights  bv  lilhernlge  |l47(v)  and  />un e>  el 
til  |l4‘rb|  The  rapid  increase  in  transition  height  found  at 
higher  latitudes,  which  we  interpreted  as  the  most  obvious  / 


region  signature  of  the  plasmapausc.  occurs  over  the  >4"  til" 
latitude  range  This  domain  lulls  well  within  the  trough  min- 
imum at  7 region  heights  I he  northern  terminus  of  the  trunsi 
lion  height  change,  identified  as  the  high  latitude  terminus  ol 
the  relative  densitv  decline  in  I iguic  b.  correlates  well  with  the 
statistical  position  of  the  plasmapausc  as  given  hi  point  t< 
| Chappell  el  ill . 1470]  m I igure  4 The  actual  level  ol  the 
transition  height  bevond  the  poleward  wall  seems  to  be  well 
above  1000  km  in  contrast  to  the  value  ( ' 400  km)  found  bv 
/ ilherulge  [I47b|  lor  slighllv  more  active  conditions  t Kp 
15) 

In  summarv,  the  overall  pattern  for  the  baselevel  trough 
thus  seems  to  be  one  of  the  H ’ O'  transition  height  increase 
beginning  a lew  degrees  equatorward  ol  the  I shell  associated 
with  the  magnctospheric  plasmapausc  The  change  in  transi 
lion  height  and  the  plasma  temperature  peak  both  occui 
within  the  trough  minimum 

A recent  stud)  bv  (irehou\k\  el  ill  |l4’b]  examined  the 
trough  plasmapause  relationship  on  a case  bv  case  basis  using 
Isis  7 topside  data  at  1400  km  and  Tvplorot  4s  pl.isin.ipause 
detections  near  the  equator  for  nearlv  the  same  winter  mid 
night  period  described  here  Of  the  20  cases  thev  examined, 
two  events  showed  the  field  line  of  the  equatorial  plasmapause 
dctinitelv  at  the  minimum  of  the  trough,  two  had  the  plasma 
pause  poleward  of  the  trough  minimum,  and  l(<  cases  showed 
a tendenev  for  the  plasmapause  held  line  to  lie  on  the  sloping 
low -latitude  side  of  the  V,  trough  at  1400  km  I he.se  results 
would,  at  li rst.  appear  to  contradict  past  statistical  studies 
[ H Vii'iift  iiihl  Hurnell.  (47(1.  Kveroft  iimi  f'fionius.  (47 ()|  which 
place  the  plasmapause  / value  in  the  trough  minimum  How 
ever,  the  statistical  pattern  for  the  altitude  dependence  ol 
trough  features  derived  in  the  present  studv  (see  I igure  4t 
shows  that  the  'trough  minimum'  at  I4l>0  km  is  avluallv  m 
distinguishable  from  the  'equatorward  edge'  of  the  trough 
1 Inis  the  / value  delining  the  center  of  the  trough  minimum  in 
the  middle  / region  (h  '00  km)  intersects  a much  steeper 
latitudinal  gradient  at  1400  km  The  conclusion  ol  tirehowskv 
el  al  . namelv.  that  'the  sloping  low  latitude  side  of  the  trough 
tended  to  straddle  the  plasmapause  held  line.'  is  thus  in 
slrikmglv  good  agreement  with  the  statistical  patterns  given  in 
I igures  4,  (>,  ami  1,  which  show  that  the  plasmapause  (defined 
bv  the  northern  terminus  of  the  II  O transition  height 
change)  falls  within  the  minimum  of  the  I region  trough 
|«ru.r  el  ill  14-4.  \ huer  el  ill  . I47>| 

formation  ol  the  trough  I he  features  ol  the  baselevel 
trough  deset  ibed  in  prev  ions  sections  suggest  that  the  trough  is 
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more  pronounced  at  lower  F region  heights.  Schunk  et  a I 
[1476]  have  suggested  a mechanism  whereby  electrodynamic 
drifts  in  O’,  possibly  of  magnelospheric  origin,  cause  en- 
hanced F region  loss  rates  due  to  velocity-induced  increases  in 
the  O’  N,  ion-atom  interchange  reaction.  Such  a process 
would  clearly  lead  to  the  trough's  being  formed  more  effi- 
ciently at  heights  below  the  peak  of  the  F region  where  the  N, 
concentrations  arc  high.  During  the  very  quiet  periods  consid- 
ered in  this  study,  such  convection-induced  loss  effects  would 
migrate  toward  the  poles  as  long  as  magnetic  quieting  per- 
sisted An  equatorward  edge  of  the  trough  extending  over  a 
relatively  wide  latitude  range,  as  found  at  A„„,  in  f igure  4. 
might  well  be  the  consequence  of  such  a process 

For  periods  of  increasing  magnetic  activity  the  shrinkage  of 
the  plasmapause  in  the  equatorial  plane  has  been  described  by 
Chappell  | Iff?;).  The  ionospheric  manifestation  of  this  process 
in  the  1400-1800  L.T  sector  would  be  the  appearance  of  large 
westward  drifts  and  poleward  convection  ( /■.'i-urtA.  147.1.  Men- 
dillo  147  V Mendillo  and  Ahd>u,'har.  1475)  Both  effects  would 
tend  to  cause  the  shrinkage  of  the  plasmapause  to  be  simulta- 
neously accompanied  by  the  development  of  a steeper  F region 
trough  at  more  equatorward  latitudes  as  found  by  luluna,  and 
Savers  ( 1 47 1 ] and  Hal,  row  [1476)  As  magnelospheric  fields 
penetrate  more  efficiently  to  lower  altitudes,  the  trough's  cqua- 
torward  edge  and  the  magnelospheric  plasmapause  would 
more  nearly  lie  along  the  same  /.  shell,  in  sharp  contrast  to 
their  lack  of  correspondence  during  quiet  times  The  finding  by 
Hal,  row  (1476)  that  a well-defined  trough  exists  at  midnight 
only  if  it  has  developed  prior  to  20.10  1 T lends  support  to  the 
drift-induced  model  for  trough  formation  in  the  dusk  sector 

CONCI  l SION 

The  baselevcl  trough,  defined  by  its  occurrence  near  local 
midnight  ( 22.10- 2400)  during  very  quiet  magnelospheric  con- 
ditions (Ap  s I v ) in  the  middle  of  winter,  is  found  to  have  the 
follow  mg  characteristics. 

1 The  trough  can  be  identified  frequently  l88'V  of  the 
time)  on  latitudinal  profiles  of  the  topside  electron  density 
distribution. 

2 The  center  of  the  trough  is  located  near  60°  Cell  . and  it 
has  a width  of  - 10°  (2  MU/)  at  h„,„ 

1 The  poleward  wall  of  the  trough  is  steeper  than  the 
equatorward  wall,  their  latitudinal  extents  being  - If"  and 
'7°,  respectively,  at  h,„„.  I he  poleward  wall  is  found  l"-2“ 
lower  in  latitude  than  the  statistical  position  of  the  equa- 
torward edge  of  the  diffuse  aurora 

4 The  trough  gets  distorted  with  increasing  altitude,  the 
main  effect  being  a more-or-less  monotonic  decrease  of  the 
electron  densities  from  mid-latitudes  to  the  foot  of  the  pole- 
ward  wall  ( - 65"  I'll!  ) 

5 t he  trough  minimum  is  characterized  bv  moderately 
high  plasma  temperatures  and  decreasing  Ji„„,  values  The 
latitudes  occupied  bv  the  trough  minimum  are  marked  bv  a 
relatively  rapid  enhancement  of  the  H ’ O'  transition  height 

6 I he  statistically  determined  ’plasmapause, ’ projected  to 
I region  altitudes,  lies  within  the  trough  minimum  and  coin- 
cides with  the  high-latitude  terminus  of  the  transition  height 
change 
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CHAPTER  3 

ELECTRON  DENSITY  ENHANCEMENTS  IN  THE  F REGION 
BENEATH  THE  MAGNETOSPHERIC  CUSP 


VOl  S2.  NO 


17 

JOl'RNAl  Ol  GEOPHYSICAL  RIStARlIt 


Ol  TORI  R I.  W’ 


Electron  Density  Enhancements  in  the  F Region 
Beneath  the  Magnetospheric  Cusp 

C.  C.  Cmacko  and  Mk  iiai  i Mi  ndiuo 

Pepartment  ol  istronoms . Boston  ( mverstty.  Boston.  Massaehusetts  0**1} 


I lectron  density  enhancements  in  the  topside  ionosphere  beneath  the  magnetospheric  cusp  are  consis. 
tentls  observed  under  an  optimum  set  of  geophysical  conditions  Average  results  deduced  from  Isis  - 
ts'psisle  sounder  data  shoss  that  the  cusp  related  electron  density  enhancements  maximize  at  '77  V* 
corrected  geomagnetic  latitude  in  midwinter  near  local  noon  during  scry  quiet  magnetospheric  condi- 
tions The  magnitudes  of  the  enhancements  determined  at  nine  topside  heights  range  frs'm  a factor  ol  ' 2 
at  fi„„,  to  ' I r at  1400  km  Enhancements  as  large  as  these  require  in  situ  production  at  the  peak  and 
above,  con pled  to  upward  expansion  due  to  the  higher  plasma  temperatures  found  beneath  the  cusp  1 he 
observed  large  enhancements  further  indicate  that  the  ionospheric  plasma  resides  beneath  the  cusp 
precipitalis'n  long  enough  tat  least  a few  tens  of  minutest  for  substantial  quantities  of  additional 
ionization  to  accumulate  During  disturbed  periods  and  in  seasons  other  than  midwinter  the  cusp 
signature  in  topside  electron  densities  is.  in  general,  much  less  well  defined  or  altogether  absent 


In  t Rom  i nos. 

t he  entrx  of  m.tgnctoshc.ith  plasma  into  the  high-latitude 
inner  magnetosphere  through  the  day  side  polar  cusps  has  re- 
ceived considerable  attention  from  a magnetospheric  per- 
spective [Hetkktla  and  If  inninghain.  W I . trank . Id'  I . Hot  ft  ft 
al  . I**”|  Related  studies  have  been  carried  out  b\  workers 
concerned  with  the  precipitation  of  soft  (v  I keY)  magneto- 
sheath  electrons  and  protons  into  the  das  side  ionosphere  and 
consequent  auroral  activity  | Hetkktla  ft  al . 1 4 '2.  Shepherd  et 
al . Id'bq)  We  present  m this  paper  characteristics  of  iono- 
spheric electron  density  enhancements,  perhaps  the  most  di- 
rect effect  ot  particle  precipitation  into  the  atmosphere,  ob- 
served in  the  h region  directly  beneath  the  magnetospheric 
cusps  (< )yun  and  \laruha*ht.  |4bb.  hthendge.  I d’b.  il  hitteker. 
Id'p) 

Some  of  the  recent  studies  of  cusp  effects  upon  the  iono- 
sphere {Shepherd  el  al  . I d'nb.  It  hitteker.  |d’b]  used  simulta- 
neous satellite  measurements  (particle  fluxes  and  energy 
spectra,  electron  densities,  electron  and  ion  temperatures,  ton 
compositions,  etc  ) to  make  detailed  comparisons  of  the  cause- 
effect  relationships  between  cusp  precipitation  and  f region 
phenomena  While  these  investigations  have  provided  a gen- 
eral overview  of  cusp-related  ionospheric  effects,  the  question 
of  whether  cusp  precipitation  leaves  a well-defined  electron 
density  signature  at  hm„  has  not  vet  been  fully  resolved  The 
aim  of  this  paper  is  to  investigate  this  question  in  detail,  using 
what  "e  feel  to  be  an  optimum  set  of  t region  lonosondc 
measurements  for  such  a studs  In  doing  this  we  discuss  how 
various  w.ivs  of  averaging  satellite  data  can  modify  the  quan- 
titative description  of  a narrow  and  latitudmallv  varying  fea- 
ture We  also  examine  the  altitude  dependence  of  topside 
electron  densities  beneath  the  cusp,  as  well  as  estimates  of 
topside  plasma  temperature 

Data  Bxst 

I he  ionospheric  results  reported  here  were  derived  front  Isis 
2 topside  sounder  data  obtained  at  northern  latitudes  during 
December  l')'l  These  data  arc  well  suited  for  studying  the 
purelv  cusp  related  electron  density  enhancements  (called 
t Kl  PI  hereafter  for  convenience!  because  they  represent  a 
remarkably  consistent  set  of  observations  in  terms  of  the 

i opvnght  .b  W”  bv  the  American  lieophvxic.il  l nion 
Paper  number  'AflStt'  4 


geophysical  conditions  sampled  All  of  the  December  |4'| 
passes  used  in  this  study  occurred  within  I’  days  of  the  sol- 
stice. so  that  the  results  represent  those  for  which  solar  pro- 
duction effects  at  high  latitudes  would  be  at  their  annual 
minimum  Throughout  the  period  the  Isis  2 satellite  main- 
tained a nearly  noon-midnight  orbit  ( > I ’TO  h at  b0°  corrected 
geomagnetic  latitude  (t'lil  t,  > 1 4(X>  h at  75°  (Til  ).  and  thus 
uncertainties  about  the  azimuthal  extent  of  the  cusps  jUVzr- 
nntgham,  107’.  lithe  ridge.  I 47ti]  need  not  enter  into  our  con- 
sideration The  topside  soundings  were  made  at  a near-con- 
stant height  of  1400  km  over  the  entire  latitude  range  of 
interest  to  us  A relatively  rapid  data  acquisition  rate  (there 
are.  on  the  average,  about  5 points  per  2°  latitude  interval) 
enabled  us  to  identify  and  characterize  latitudinal  gradients 
that  might  otherwise  remain  undetected  or  poorly  resolved 
Nearly  half  the  useful  passes  available  during  the  I ’-day  pe- 
riod occurred  when  the  planetary  magnetic  activity  index  Kp 
indicated  very  quiet  conditions  {Kp  < ,o>  The  availability  of 
this  narrowly  defined  data  base  has  enabled  us  to  dispense  with 
the  customary  need  for  averaging  over  large  ranges  of  vari- 
ables (i  e.  solar  flux,  local  time,  season,  and  magnetic  activ- 
ity) The  averages  reported  here  should  therefore  be  quan- 
titatively more  representative  of  noontime  midwinter  cusp- 
induced  / region  effects  during  a quiet  period 

Mu. st  tit  xt  t v Ql  It  t Pi  Rit'tvs 

I igurcs  liz-l/  show  six  Isis  2 passes  recorded  between  De- 
cember v>  and  December  21.  14'|  Electron  densities  obtained 
from  ionograms  generated  bv  the  topside  sounder  on  board 
the  satellite  are  plotted  as  a function  of  C'Gl  for  the  eight 
topside  heights  ft,,,.,.  450.  550,  b50.  '50.  S50.  450.  and  h,„ 
('1400)  km  The  upper  panel  shows  the  variation  in  Am„ 
itself  Electron  density  values  less  than  10s  el  env'  are  not 
plotted  It  should  also  be  pointed  out  that  the  derived  values  of 
ft,,,.,  arc  generally  considered  to  be  less  reliable  than  the  \ 
values  obtained  from  estimates  of  The  universal  time  and 
local  time  listed  for  each  pass  correspond  to  those  at  h0o  (Til  . 
and  the  Kp  value  is  the  one  which  prevailed  during  the  5-hour 
period  that  includes  the  IT  quoted  above  It  should  be  noted 
that  these  six  passes  with  Kp  values  0o.  Oo,  I .1  . lo.  and  lo 

constitute  the  entirety  of  midwinter  noon-midnight  Isis  2 
passes  offering  adequate  coverage  at  northern  day  side  high 
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latitudes  during  vers  Ajuiet  i\p  - to)  magnetospheric  condi 
tions  m the  Pecemhcr  |U’I  permst 

\ II  aia  ol  these  passes  occurresl  within  the  Umgitude  span 
IS’  'S  I . where  the  corrected  geomagnetic  latitudes  arc  ap 
proximatcls  5*  lower  than  t heir  corresponding  gcv'graphic 
latitudes  I hus  at  (.  til  litre  expeeteil  latitude  ot  the  cusp 
during  mugneliculls  .(uict  periods).  calculations  lor  S''  ge.' 
graphic  latitude  show  that  tunnre  aIoca  not  ireeur  below  a 
height  a'I  7tX>  Jnn  during  December  sohttcc  conditions  1 he 
'dusside'  high  latitude  b regiern  beneath  the  cusp  ia,  in  this 
A'aAC.  aA  tree  of  s.'lar  prodiKnon  elTeelA  aA  might  e\er  be 
expected  to  occur  m the  northern  herni>phcrc 

\n  AHitAtamling  characlericlic  ot  theAe  latitudinal  electrA'it 
aIch Ait \ profileA  ia  the  remarkable  s'onsiAtensi  a'I  the  leatureA 
iibscrsed  At  all  heighlx  there  ia  a general  tcndencs  lor  the 
latitudinal  gradient  in  electron  densits  t a>  be  Ainall  up  to  about 
N>"  t ill  , where  a more  Ac\ere  depletion  begin>  I he  electron 
densits  reachcA  a minimum  at  '’4''  (.  Cil  . poleward  of  which 
the  sers  Ateep  wall  i>l  ionization  appears  that  ia  t be  a ss.' 
dated  with  the  magnetOAheath  particles  which  precipitate 
thriiugh  the  cuspA  Iho  .nerall  densits -versus  latitude  pattern 
haA  AA'inetimeA  been  called  a davside  trs'ugh  [ II  ilJmun  el  u/  . 
l*J'b]  m anaUrg>  to  the  better  known  'high  mid-latitude 
tmaint  electron  densits  trough'  that  often  appears  on  the 
latitudinal  profiles  of  electr.'n  deiiAitc  »<n  winter  nightA 

I igure  I a|Iaai  AhAiwA  severa'  aApects  of  the  altitude  depen 
dence  v'f  the  t Kl  PI  and  associated  features  Sole,  for  c\ 
ample,  that  the  a'iiaci  of  the  high  latitude  enhancement  in 


INV.  LAT  73.0  75.5  77.6 


5 - ,, 


.-i® 


den ak a oaaiita  at  the  same  latitude  at  all  heighiA  1 he  min- 
imum which  appears  lust  CA|uatorward  of  the  l R1  Dl  be 
comes  narrower  and  deeper  at  higher  heights,  an  effect  which 
is  most  pronounced  at  the  satellite  height  (see  I igures  lu.  IA 
le.  I f,  and  I.;,  rcspectisels  Note  that  the  coordinates  in  I igure 
similar  gradients  front  4't>  ti>  dSO  km.  while  at  141X1  km  a 
plateau  occurs  near  70°  t Cil  (see  I igures  lu,  IA.  U.  and  lit 

I igure  7 (top.  middle,  and  botiomi  reproduces  spcctro 
grams  generated  from  data  gathered  bs  the  s.ift  particle  spec 
trometer  carried  b\  Isis  7 (H  inninghuni.  Id'71  1 hese  particle 
measurements  were  made  simultuncousls  with  the  topside 
soundings  that  led  to  the  electron  densities  shown  in  I igures 
lo.  If.  and  lu.  respect  neb  N.'lc  that  the  CA'ordmales  in  I igure 
7 arc  log  (electron  cnerg\ ) in  electron  soils  and  invariant 
latitude.  A differs  from  (.til  bs  less  than  j''  (Ceil  being  the 
larger!  at  the  latitudes  a'I  the  l Rl  PI  depicted  in  I igure  I 
1 hese  spectrograms  arc  reproduced  here  with  the  limited  put 
pose  of  pointing  out  (II  the  general  coincidence  o t particle 
precipitation  with  thci'bserscd  electron  densitv  enhancements 
| ft  hnii-Ki’r.  Id'b.  ShtpherJ  ot  u/  , Id'nA]  and  (7!  the  kind  ol 
particles  responsible  for  the  latter  Representative  electron 
energies  seen  in  the  spectrograms  arc  a lew  hundred  electron 
volts,  and  the  fluxes  are  a few  times  10*  cm' s si  the  contribu- 
tion to  f region  ionization  bs  the  soft  tv  I kc\  I prots'it  com 
Piinent  in  the  precipitating  plasma  is  not  appreciable  |.SAo/> 
htrd  tl  ul  . l')7hA] 

In  addition  to  the  six  latitudinalls  complete  satellite  passes 
shown  in  figure  I there  were  an  additional  nine  passes  in 
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I ? I Icctron  spectrogram*  derived  from  data  obtained  b\  the  soft  particle  *pcclrometer  aboard  Im\  ? 1 he  higher 
flute*  around  to\. tn. tni  latitude  indicate  precipitating  cu*p  electron*  * he  particle  measurement*  *houn  in  the  lop. 
middle,  and  bottom  spectrogram*  were  obtained  \*imulUneou*l>’  with  the  electron  den*it\  value*  shown  in  I igure*  I.*.  If. 
and  la.  respective!* 
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December  1*171  for  which  Kp  was  S1  + but  for  which  the 
latitude  coverage  was  incomplete  In  each  case,  however,  a 
clear  identification  of  the  onset  latitude  of  cusp-related  elec- 
tron density  enhancements  could  he  made  Using  this  prom- 
inent feature,  we  shifted  all  15  passes  such  that  the  CRFDF 
onset  latitudes  were  aligned  at  their  average  latitude  of  75  5° 
CGI  The  data  were  then  averaged  by  using  f°  latitude  in- 
crements The  results,  given  in  Figure  3.  describe  the  average 
A,(X)  versus  latitude  profiles  for  winter  noontime  low-Ap  con- 
ditions across  the  high-latitude  region  beneath  the  cusp 

The  av  erage  results  of  Figure  3 preserve  all  of  the  character- 
istic features  of  the  individual  passes  shown  in  Figure  I,  in 
particular,  the  altitude  dependence  of  the  electron  densities  in 
the  various  latitude  segments.  1 he  average  behavior  of  h„„, 
across  this  region  is  given  in  the  top  panel  of  Figure  ) One  can 
see  that  a nearly  constant  value  of  ’45  km  extends  from  mid- 
latitudes  to  approximately  58°  CGI  The  relatively  sharp  de- 
cline of  A,„,,  in  the  58°-68°  CGI  range  is  accompanied  by 
increasing  hn,.,  values  to  approximately  300  km  at  68°  and 
beyond 

In  spite  of  the  rigidly  consistent  data  base  used  to  obtain 
Figure  t there  is  a certain  amount  of  ‘averaging  out'  of  detail 
seen  iri  the  individual  passes  Of  particular  concern  is  the 
magnitude  of  the  CRIDF  as  seen  in  the  average  versus  the 
individual  case  While  the  15  passes  employed  all  fell  within 
the  Kp  Oo  to  I *■  range,  a trulv  narrow  range  by  most 
statistical  studies,  a simple  averaging  of  this  low  Kp  set  yielded 
average  enhancements  that  arc  considerably  lower  than  those 
presented  in  Figure  3 The  aligned  average  technique,  em- 
ploved  with  success  for  nightside  trough  morphology 
Id-tv  HenJilIu  and  L'hacko.  I*177|,  noticeably  improved  the 
situation  It  should  be  mentioned,  however,  that  latitude  shifts 
of  0"  3C  had  to  be  used,  indicating  that  even  during  very  quiet 
intervals  the  latitudinal  position  of  the  CRI  DF  is  not  con- 
stant Moreover,  the  latitude  range  over  which  the  CRF'DF 
occurs  is  also  variable,  and  this  too  has  an  effect  upon  any 
procedure  aimed  at  specifying  the  average  magnitude  of  the 
cusp-related  electron  density  enhancements 


t ig  ' 1 innidin.il  profiles  of  the  average  topside  electron  density 

distribution  at  nine  topside  heights,  obtained  h\  using  the  sis  passes 
shown  in  f igurc  I plus  nine  incomplete  low  hp  c I • I passes  in 
December  l*>-|  Averaging  was  done  after  shilling  the  minima  of  all 
l<  passes  to  a common  mean  position 
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f ig  4 I he  enhancement  factor  r ( A „,, , V mln I \ml„  as  a 
function  of  altitude  A ,,,.,  is  the  electron  density  al  the  peak  of  the 
CRFDF.  and  A„„„  the  density  at  its  equatorward  minimum  The  dot 
shows  the  average  ratio,  and  the  cross  the  ratio  of  the  average  (see  lest 
for  details > The  triangle  represents  iuhtridgr's  (l*)76|  result 


The  magnitude  of  the  A,  enhancement  occurring  across  the 
cusp  is  strongly  altitude  dependent  We  present  in  f igure  4 the 
height  dependence  of  an  enhancement  factor  using  both  ‘the 
feature  as  seen  in  the  average1  and  'the  average  of  the  feature  ' 
The  quantity  plotted  is  the  fractional  electron  density  enhance- 
ment (,Vm„  A ,mn I A,,,,,,  at  nine  topside  heights  The  upper 
curve  (with  the  standard  deviations  indicated)  is  obtained  by 
determining  the  ratios  for  each  low-Ap  pass  and  then  averag- 
ing them  The  lower  curve  shows  the  ratios  calculated  by  using 
the  already  averaged  electron  density  values  appearing  in  fig- 
ure .'  The  triangle  at  1000  km  represents  the  average  fractional 
enhancement  of  7 5‘x  reported  by  Titheridge  (1*176]  on  the  basis 
of  a statistical  study  that  u<ed  a much  wider  range  of  the 
relevant  geophysical  variables.  Note  that  the  three  sets  of 
mean  results  shown  in  Figure  4 represent  a hierarchy  of  aver- 
aging procedures  and  that  the  present  results  give  quite  signifi- 
cant electron  density  enhancements  at  all  topside  heights  in  the 
ionosphere  beneath  the  cusp  for  the  optimum  set  of  geophys- 
ical conditions  specified  earlier. 

Figure  5 shows  five  representative  vertical  profiles  of  the 
topside  electron  density  distribution  obtained  by  using  the 
average  results  of  figure  .3  at  5.3.5°,  65.0°.  73  0°,  75.5°,  and 
77.5°  CGI  Solar  production,  considerable  at  the  lowest  of 
these  latitudes,  diminishes  rapidly  toward  higher  latitudes  and 
becomes  virtually  negligible  by  75.5°  t'Gl  Ionization  pro- 
duced by  the  precipitating  magnetosheath  particles  is  found  to 
maximize  al  77.5°  CGI  We  have  also  made  estimates  of  the 
plasma  temperature  T,  * /,  using  these  average  profiles,  and 
Table  I lists  the  results.  The  mean  ionic  mass  of  16  that  has 
been  adopted  for  this  computation  appears  to  be  justified  on 
the  basis  of  the  shape  of  the  profiles  themselves  as  well  as 
recent  studies  that  locate  the  II ' O'  transition  height  on  the 
dayside  well  over  I (XX)  km  | Tilherulge , 1*176;  /Junes  et  al, 
1*176). 

It  appears  that  the  characteristic  latitudinal  profiles  of  the 
electron  density  distribution  illustrated  in  Figures  In-  If  and 
represented  in  f igure  .3  invariably  occur  only  in  the  middle  of 
winter  (when  solar  production  at  high  latitudes  is  a minimum) 
under  very  quiet  magnetic  conditions  Figures  6<j  and  6/>  and 
Figures  6c  and  N / show  two  sets  of consecutive  passes  obtained 
on  October  33,  1*171,  and  March  14.  1*17,)  Perhaps  the  most 
striking  deviation  from  Figure  ) lhaf  the  passes  in  f igure  6 
exhibit  is  the  almost  constantly  high  electron  densities  that 
persist  even  at  75°  CGI  (and  beyond)  For  example,  while  all 
six  passes  of  Figure  • reach  a minimum  of  - l(>'  el  cm*  at  '5° 
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I i|i  x Vveiagc  topside  vertical  electron  dcnxitv  profiles  tor  M V, 
ttxit".  I.1*  II" , 7S  S".  ,ni»!  77  s-  I ill  obtained  limn  the  remits  pie- 
scutes!  in  I igure  t 

(til  .it  the  .itet.i  ge  i .line  .H  7'"  < ( il  hi  I lytirc  <>  is 
' 4 s up  s-l  sin'  ,i  iniiiihct  more  in  accord  mill  the  V,  values 
hcnc.illi  I he  cusp  in  figure  I I Inis  it  would  appear  that  the 
st.ite  ol  the  background  ionosphere  tn.n  pl.u  ,i  erilie.il  role  in 
deter mining  whether  oi  not  ,i  well  defined  t Kl  01  develops 
I In  true  se.ison.il  dependence  ol  the  < Kl  Ol  reiii.iins  to  he 
ifeter  mined 

M m.ni  in  m 1 v Dish  kiii  it  I’t  kioiis 

I lie  d. aside  high  l.itilnde  topside  electron  densilt  dislrihn 
Iron  during  m.igiielicallv  distnrhed  periods  exhibits  consul 
er.ihlx  more  x.irnilions  til, in  its  s|inct  time  counterpart.  V lew 
nidixiilii.il  passes  seise  to  illustrate  this  point 

1 igures  1,i  7/  pu-  si x Isis  .’  passes  during  moderately  high 
A/>  ( to  • A [>  ■ So)  periods  between  Oeeetnbct  I t and  Oecem 
her  IS.  Id  7 1 the  high  degree  of  consistence  apparent  in  the 
features  ol  I igutes  In  1/ is  not  found  here  With  the  exception 
ol  I igure  7 u the  signature  ol  cusp  precipitation  is  much  less 
well  defined,  it  is  broader  and  appears  at  widely  xarsing  lati- 
tudes In  the  case  of  December  I ' (f  igure  7,j > the  f Kl  Ol  is 
ipute  narrow  (-l‘’f  and  xerx  intense  Iquatorwurd  of  the 
enhancement,  the  latitudinal  gradient  exhibits  solar  zenith 
angle  elVects  similar  lo  the  midwinter  period  found  in  figure  I 
I summation  of  the  -•  component  of  the  interplanetary  mag- 
netic held  showed  that  II,  changed  from  a soulherlx  orienta 
lion  toward  the  north  between  7 !(K)  and  7 '(XI 1 1 1 | King.  I 475| 
(i  round  based  magnclograins  also  showed  that  the  satellite 
pass  in  I igure  7ir  occurred  during  the  recovers  of  one  of  a 
series  of  substornis  during  the  day  I hese  changes  seem  lo  in- 
dicate that  lire  cusp  attained  its  present  position  alter  a recent 
eipiatorward  excursion  | Hurch.  1477;  Yn\uhiir,i  ft  ul,  |47t| 

I igures  7b  and  7,-  represent  two  conscctitixc  passes  on  De- 
cember IS  when  the  I M I maintained  a large  prolonged  north- 
ward component  and  the  A/>  sallies  were  to  and  So.  respec 
t is  els  III  dehiied  .V,  enchancements  appear  .it  - 7(>"  ( (il  on 
the  first  pass  and  at  - 7S"  (til  on  the  subsequent  pass  Note 
that  these  latitudes  arc  about  the  same  as  the  ( Kl  DT  post 
turns  during  low  A/>  intervals 

I igures  1,1  1/  represent  three  consecutive  passes  on  Decern 
bet  17  when  a large  magnetic  slot.  . was  m progress  It  is 
difficult  to  ideiililx  l Kl  Dl  x on  these  passes  (IMI  data  or 
Isis  7 soft  particle  spectrograms  were  not  available  lor  this 
period  I I lie  most  outstanding  Iraliire  on  these  three  succes 
sixe  passes  is  an  unustiallx  sharp  negative  horizontal  gradient 
at  t>7"  < (il  It  is  seen  that  the  feature  persists  for  at  least  77b 


min  (the  interval  between  successive  Isis  passes  is  lit  mm) 
without  tins  appreciable  latitudinal  displacement  I lie 
gradient  appears  at  all  heights,  and  its  magnitude  ( I able  7 1 is 
one  ol  the  highest  observed  in  the  December  I ‘>7 1 Isis  data  set 

Dim  t ssiiin 

On  the  daxxule  m the  middle  of  wmtci  during  magnetic  alls 
quiet  periods  the  latitudinal  protile  ol  the  topside  electron 
dciisitx  distribution  behaves  m a consistent,  well  defined  man 
net  II  decreases  smoolhlv  from  Ml”  to  7J"  C(il  . teaches  a 
narrow  minimum  centered  at  75"  ( (il  . and  rises  shatplx 
again,  giving  rise  lo  a column  of  ionization  centered  at  ■ 71  *>" 
(til  I lie  minimum  density  appears  to  icacli  a base  level 
value  ol  ID*  el  cm’  al  b,„«.  t onsulei alums  ol  magneto 
sphei  ic  topologv . as  vv  ell  as  direct  observ  at  ions  ol  precipitating 
particles,  leave  little  doubt  that  the  election  densitv  enhance 
merits  occur  beneath  (he  iiidgiicloxpbeiic  cusp  through  which 
low  energy  (•  I keY)  niagnetosheath  plasma  tuids  access  to 
the  ionosphere 

I he  ettergv  spi'clrtim  of  these  precipitating  panicles  is  well 
documented  | II  rrrrrrngWrr.  I ‘>77 . /Wring  ,i  a/.  l,J7ti|.  and 
therefore  cusp  pi  eci  pit  at  ion  repiesents  a lelatixelv  well  delmrd 
and  basic. illv  continuous  xouice  ol  charged  particles  Ibis 
provides  an  opportumlv  to  investigate  the  plivsn.il  piocesses 
and  morphological  features  associated  with  the  mtei action  ot 
soil  particles  and  the  earth's  uppei  atmosphere  Several  studies 
with  this  objective  have  recenllv  appealed  |.S7iep/ieri/ er  a/ 
l‘)7(>a.  b.  It  hiltrkcr.  |47h,  /ir/ierii/ge.  I*>7(>  Arru./wn  er  a/ . 
f *> 7 7 1 ( liicci (.unties  about  the  relative  motion  ol  the  magneto 
spheric  cusps  and  the  ionospheric  plasma  are  a serious  obstacle 
to  establishing  a one  to  one  coiiespondcnce  between  the  cusp 
piccipilution  and  its  various  ionospheric 'effects  Observations 
and  compulations  show  that  the  hoii/onlal  transport  of  high 
latitude  lonosphetic  plasma  involves  a more  oi  less  azimuthal 
motion  and  across  the  polar  cap  convection  {Jeflriry  ,<  ,il  . 
I ‘> 7 s II,; In  er  al  . |47h,  Ariin/ven.  1474,  Artm/verr  er  til  . I’>7',| 

I he  niiignetosphcric  cusps  themselves  are  known  to  nugiate 
equatorward  in  response  to  changes  m the  orientation  of  the 
mterplanetiirv  magnetic  field  |Hi<rcb.  1477,  ) ,i\uluir,i  er  ol  , 
147 1|  I uitherinore.  in  the  case  ol  the  electron  density  cn 
hanceineiits,  one  lias  to  allow  for  al  least  a few  tens  ot  minutes 
lor  measurable  effects  to  appear  in  the  topside  ionosphere  near 
bm«,  after  the  cusp  precipitation  is  'switched  on'  |Atnii/.vcn  er 
ul  , I ‘>77 1 ( I his  implies  that  the  particles  'seen' m the  spectro- 


I Mil  I I Kepicsetilalne  Scale  lleiglit  Puiamclcts 


( or reeled ' ieom.ipneiic 

1 .itlUlllc 

Qu.mtitx 

S \ V 

(>s  0°  ?:  (»** 

7?  y 

Sc. »lc  bright  //. 

1 w 

400  km  Hi  itfht 

14'  |NN 

l " 

170 

km 

/,  * K 

M'S 

.’•Ills  7(i07 

.'.''7 

2S'*> 

Sy  file  height  If 

.'(>4 

Vtrt  (hi  Height 

:v  i»t 

ISI 

.'70 

km 

/.  ♦ / r."K 

4071 

?7«n 

4IM 

Neale  height  H 

'SK 

0(K>  km  Ht'iffhi 

274  .'SO 

'N 

U7 

km 

1.  t /,.  “K 

s?:i 

'»)')(>  40S4 

'4?' 

4')  IN 

Here  m,  IS 


Oim  ko  \ni>  Mimuiiu  / Hi  *.ion  Ini^m  imimn  Hi  m oh  iiii  Mm1 


IMb  M »or mo»  r«or  li  i 


\ 

r 


s 

\ Nl«ttp> 
‘ \ Ml  »»(*  • 

HIM  I 

% *»f  >M»t 

\ \ •iiMli 


IMS  l|  min  ills 


i .t«Kr  * ?t  i>  iir  omum  Ml  < »Jt  | fci'l 


i as'M  . I 1 i'  ill  • ; , , ill  I 1 t'l'l 


I ig  n Same  as  I rgure  I 1 hr  M'l.o  /eiiitli  angle  corresponds  to  the  expected  latitude  ol  the  cusp,  calculated  h\  umh^  Die 
relation  V. f 4(H)  toot  SO  ’^p  deg  | /irhrrnfgr.  |4?fi|  tat  O.'lll  tVtoher  .'.’tlW’ll.  1441,  I .4'"  (pt  040X  IVtobei 
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grams  of  I mure  1 mm  not  Ik  related  in  ilclittl  to  the  elcetron 
densities  shown  tit  the  appropriate  passes  m I i(jttrc  I ) Note, 
however.  th.it  if  one  avsii me'  sleadv  state  conditions  (i/ 
.f\,l.  the  proiltielton  rate  of  '100  el  oil’  s determined  In 
kuudsen  et  a I lot  precipitating  cusp  electrons  at  the  / la\et 
peak  t ' UtO  kml  and  a Ion  cocfltvient  of  111  ‘ s \Ni.shbrth  iiihl 
tn mi'ii.  Il,h'>|  |ine  a densitv  value  ot  10"  el  cm"  l ire  observed 
N„„,  value  of  'I  \ 10*  el  on'  indicates  that  while  a static 
ct|inlthrnim  max  not  he  aehtevctl.  the  resilience  time  for 
plasma  beneath  (he  cusp  | K ntuhrit  ri  ill  , I 7 ? | is  vuflicienlli 
long  to  allow  appreciable  electron  ilenstiv  enhancements  to 
on  nr  It  should  also  be  noted  in  this  contest  that  the  recentlv 
reported  small  scale  fluctuations  in  the  latitude  of  the  cusp 
precipitation  mas  account  for  the  considerable  amount  of 
latitudinal  structure  seen  in  the  electron  densitv  values  equn 
tor* aril  ol  the  ( RI  Ol  \Sulr\  et  ill  , 1 | 

1 he  averaite  mtensitv  ol  the  i RI  Ol  . determined  for  quiet 
midwinter  conditions  ( .’(It Vi  at  ft,,,,,.  ristii|t  bv  more  than  an 

order  ol  tnn|tmludc  at  1 40*4  km),  is  several  tunes  largei  than 
might  be  evpecled  on  the  basis  ol  previous  statistical  results 
llreie  is  little  evidence  for  significant  enhancements  neat 
l lil  m the  averaite  electron  densitv  values  compiled  bv 
/ftomiii  r •(  ill  1 1 '>fsfs|  and  < 'him  iih / 1 o/m  | |4f>'»|  using  Mouette 


I data  lilhrriilgr  | also  using  Mouette  data,  found  an 
average  enhancement  at  1000  km  of  ' 'S'i . a value  atttibut 
able  entirelv  to  thermal  evpansion  of  the  ionosphere  On  the 
other  hand,  detailed  examinations  ol  individual  satellite  passes 
| llmikii  tl  ill . I*>'f.  •(  hillfk tr.  I*>’f>.  Shf/'hrril  n ,il  . I*l’t>/>| 
have  shown  enhanced  topside  electron  densities  neat  the  cusp 
location,  although  there  were  uncertainties  about  the  « recur 
rence  fiequeucv  of  the  enhancements  and  then  dependence  on 
altitude  and  latitude 

One  of  the  persistent  disadvantages  with  which  statistical 
studies  it'  the  past  have  had  to  contend  is  the  need  lot  averag 
mg  over  large  ranges  of  several  variables  (f  I I,  season, 
magnetic  actmtv  I I oi  example,  m /ithcn./ge's  | W'n|  analvxix 
of  quiet  time  wmtei  cr«nditions.  measutemeiitv  spanning  a * 
month  period  around  the  IVcemhei  solstices  ol  I *>r< I v><i4 
were  used  I he  local  times  sampled  were  (*>lKl  IMM),  A/*  being 
in  the  Do  to  t.uige  I he  magnitude  ol  the  ellecl  stands  a 
venous  nsk  ol  being  scaled  down  in  the  couise  ol  such  an 
averaging  piocedure  It  should  be  borne  in  mind  that  the 
electron  densitv  enhancements  we  havi  u-poited  peitain  to 
optimum  conditions  undei  which  the  lull  eflect  ol  i RI  I'l  . 
unencumbeied  bv  contamination  fiom  sol.u  production,  is 
obseivable  It  is  also  important  to  point  out  that  the  m.tgni 
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1 -\Hl  ! 2 latitudinal  (.iradicnts  in  topside  I leclron  Densities 
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Hide  of  the  observed  enhancements  near  the  b region  peak 
calls  for  bona  tide  in  situ  production.  Meat  conduction  from 
higher  altitudes  and  consequent  upward  expansion  of  the  ion- 
osphere | liiheridge.  197b)  probably  contribute  to  the  still 
larger  enhancements  found  at  higher  altitudes 

Temperatures  ( Tt  * see  fable  1 1 deduced  from  the  scale 
heights  (//  k{it  ♦ /,)  nt,g)  of  the  average  vertical  electron 
densitv  profiles  shown  in  figure  b (Table  1)  are  lower  than 
those  I ou nil  by  litherulgc  |I976).  Note,  however,  that  the 
latitudinal  and  vertical  gradients  in  temperature  are  quite  sim- 
ilar to  those  reported  in  the  above  studv  In  particular,  the 
temperatures  at  the  cusp  latitudes  (^77. >°  CCil  ) are  sub 
stantiallv  higher,  at  all  heights,  than  those  lust  equatorward  of 
the  cusp 

The  main  reason  for  the  generally  ill  defined  nature  of  the 
electron  densitv  enhancements  observed  during  disturbed  peri- 
ods may  be  the  relatively  rapid  equatorward  migration  of  the 
cusps,  i e . the  ionospheric  plasma  does  not  reside  beneath  the 
cusp  long  enough  (a  few  tens  of  minutes)  for  intense  loni/ation 
peaks  to  appear  If  convection  is  enhanced  during  magnetic 
activity,  (his  effect  is  augmented  (Converse)),  during  pro- 
longed quiet  periods  the  cusp  occupies  its  poleward  extremum, 
and  large  amounts  of  ionization  build  up  ) At  lower  latitudes, 
two  additional  sources  may  lend  further  complexity  to  the 
latitudinal  electron  density  distribution  solar  ultraviolet  radi- 
ation and  precipitating  hard  auroral  particles  | Hart:  and  Brice, 
19b7],  the  latter  hav  ing  been  injected  on  the  mghtside  in  asso- 
ciation with  magnetosphenc  substorms  and  drifted  a/imuth- 
ally  to  the  day  side  {Deforest  and  W % I twain,  19M,  Berkev  et  al , 
I974| 
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CHAPTER  4 


THE  EQUATORWARD  EDGE  OF  THE  DIFFUSE  AURORA  AND  THE  POLEWARD  WALL 
OF  THF  "MN  ELECTRON  DENSITY  TROUGH:  CASE  STUDY  INVESTIGATIONS 

We  found  ten  ISIS-2  passes  in  December  1971  for  which  DMSP 
images  were  available  in  near  simultaneity.  Values  of  the 
indices  Kp  and  AE  (hourly  maximum)  shown  in  Table  4.1  indicate 
that  passes  during  periods  of  relative  magnetic  quiet  predominate 
the  set  of  available  December  1971  case-study  events  [Mendillo 
and  Chacko,  19771  . The  approximate  UT  at  which  the  satellite 
crossed  the  65°N  corrected  geomagnetic  latitude  on  the  night  side 
is  used  to  identify  the  pass.  Note  that  the  pairs  of  nominally 
simultaneous  passes  range  from  one  with  AT  = -8  minutes  (i.e., 
ISIS- 2 crossed  65°N  CGL  on  the  night  side  8 minutes  ahead  of  the 
DMSP  satellite)  to  one  with  AT  = +40  minutes.  For  all  ten  cases, 
the  local  time  period  sampled  by  both  satellites  was  2230  -0130 
hours . 

Table  4.1  shows  the  poleward  wall  of  the  trough  always  equa- 
torward  of  the  equatorward  edge  (latitude  (|>a)  of  the  diffuse 
aurora  as  seen  on  the  DMSP  images.  The  mean  separation  between 
the  foot  of  the  poleward  wall  and  the  auroral  boundary  is  4.7° 
while  that  between  the  peak  of  the  wall  and  is  2.4°,  the 
standard  deviations  being  1.2°  and  1.1°  respectively.  In  sum- 
mary, Table  4.1  shows  that  the  separation  (A 4>)  between  the 
trough's  poleward  wall  and  the  equatorward  edge  of  the 

continuous  aurora  (4>  ) as  monitored  by  the  DMSP  technique  is,  on 


FIGURE  4.1  Sample  DMSP  auroral  imaqo  illustrating 


possible  relationship  between  equator- 
ward  edqe  of  diffuse  aurora  and  poleward 
wall  of  main  ionospheric  trouqh. 


TABLE  4.1  Summary  of  Ten  Case-study  Investigations 
Using  Simultaneous  DMSP/ISIS  2 Data 


standard  deviation  2.32  2.41  2.61  1.24 
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the  average,  3*s  degrees.  This  separation  is  somewhat  larger  than 
that  found  in  Chapter  2 where  long-term  auroral  statistics  were 
compared  with  the  "Base-Level  Trough". 

Below  we  examine  several  of  the  "case  study"  events  in  de- 
tail. The  first  event  offers  the  most  well-defined  examples  of 
both  DMSP  and  ISIS  2 observations  among  the  ten  near-simultaneous 
events  examined.  The  third  event  comprises  two  sets  of  successive 
passes  of  each  satellite.  The  second  case  represents  a period  in 
which  extensive  and  co-ordinated  observations  on  several  related 
phenomena  in  the  night-time  ionosphere  have  been  reported  [eg. 
Whalen  et  al.,  1977;  Pike  et  al.,  1977;  Weber  et  al.,  1977} . 
December  21,  1971 

DMSP  pass  at  0605  UT , ISIS  2 pass  at  0551  UT , 

K = 1,  AE  = 56. 

P 

Although  the  Kp  and  AE  indices  indicate  near-quiet  conditions 
(and  the  most  recent  substorm  had  a 500y  (AE)  intensity  and  had 
completely  recovered  by  2300  UT  on  December  20,  1971),  examina- 
tion of  individual  magnetograms  revealed  recurrent  magnetic 
perturbations  between  0520  and  0700  UT  at  Fort  Churchill.  The 
DMSP  image  (Figure  4.2)  shows  quiet  auroral  arcs  apparently  em- 
bedded in  the  diffuse  aurora  whose  equatorward  edge  more  or  less 
closely  follows  the  68°  CGL  curve.  The  DMSP  image  covers  the 
magnetic  local  time  range  ~ 2300  to  0100  hrs.  The  ISIS  2 track 
appears  close  to  the  left  hand  edge  of  the  photograph  (see  Figure 
4.4)  where  the  Van  Rhijn  effect  introduces  an  element  of  uncer- 
tainty into  the  determination  of  the  diffuse  aurora's  equator- 
ward  boundary  (A  ) . However,  in  the  middle  region  of  the  image, 

a 


DMSP  image  of  part  of  the  night,  side  auroral  region 
in  the  northern  hemisphere  recorded  about  ObOS  ut  on 
December  21,  1 1>  7 1 . Geographic  coo  rd  i n.i  fes  (100  km) 

a re  ove r 1 a id  . 


DEC  21/  0605  UT 
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FIGURE  4.3  Polar  view  of  northern  hemisphere  with  geographic 
coordinates  plotted  in  Corrected  Geomagnetic 
Coordinates.  Ionosonde  stations (•)  and  TEC  observing 
sites  (A)  used  in  "case  study  events"  are  indicated. 
Corrected  Geomagnetic  Latitudes  (CGL)  appear  as 
concentric  circles  in  subsequent  figures. 
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FIGURE  4.4  North  polar  view  in  CGL  showing  the  location  of 
near-simultaneous  ISIS  and  DMSP  satellite  data 
for  0600  UT  on  21  December  1971.  Ground-based 
f oF  2 values  and  TEC  data  at  0600  UT  from  the 
network  shown  in  Figure  4.3  are  presented  using 
integer  values. 


32 


it  is  possible  to  locate  the  equatorward  edge  of  the  diffuse 
aurora  unambiguously  at  if ^ - 68°  CGL  and  it  is  quite  unlikely 
(Lui  and  Anger  1973;  Akasofu  1974!  that  the  diffuse  aurora  should 
deviate  to  a significantly  different  position  at  2200  LT. 

The  ISIS  2 topside  electron  density  data  reveals  a very  well- 
defined  main  trough  with  - 2 MHz  foF2  values  from  - 53°  to  - 63° 

CGL  and  a sharp  enhancement  of  ionization  (foF2  = 2k3  MHz)  at  its 
poleward  wall  extending  from  63°  CGL  to  65c  CGL.  (See  Figure 
4.4).  The  ISIS  topside  electron  density  results  summarized  in 
Table  4.1  were  obtained  using  the  highest  latitude  resolution 
available  (2/3°).  In  Figure  4.4  and  subsequent  composite  figures, 
it  was  not  possible  to  show'  such  a high  latitude  resolution  in 
the  toF2  data.  As  may  be  seen  from  the  tabulated  ISIS  data 
scalings  in  Table  4.1,  the  foot  of  the  poleward  wall  appears 
4 . 3C  and  the  top  3.6°  poleward  of  the  equatorward  edge  of  the 
diffuse  aurora  (as  monitored  by  the  PMSP  satellite).  The  accu- 
racy of  the  latitude  scalings  is  S°  for  the  DMSF  images  and  vl° 
for  the  ISIS  2 electron  densities.  It  is  clear  that  the  observed 
separation  between  the  diffuse  aurora  (PMSP)  and  the  poleward 
wall  of  the  main  electron  density  trough  is  physically  signifi- 
cant . 

Given  the  observed  A if  at  the  ISIS  sub-satellite  location, 


we  were  interested  in  determining  the  longitudinal  (or  local 
time)  consistency  of  the  separation  over  the  region  covered  by 
the  PMSP  photograph,  and  indeed  beyond.  This  is  not  a simple 
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question  to  answer  since  no  F-region  monitoring  technique  can 
provide  ISIS-type  latitude  resolution  at  points  to  the  east  and 
west  of  a given  ISIS  pass.  We  turned  to  the  ground-based  network 
of  ionosonde  sites  (via  WDC-A)  and  to  the  AFC.L  chain  of  total 
electron  content  (TEC)  observing  stations  (courtesy  of  J.  A. 
Klobuchar)  for  supporting  data  to  estimate  the  spatial  consis- 
tency of  the  trough's  location  away  from  the  ISIS  longitude. 

Figure  4.3  shows  the  network  of  24  ionosondes  and  the  4 TEC 
sites  used  in  the  study. 

In  Figure  4.4,  a composite  view  is  presented  of  the  DMSP 
auroral  boundary  in  relation  to  ISIS  topside  sounder  foF2  values, 
bottomside  foF2  data  and  satellite  beacon  observations  of  TEC 
for  0600  FT  on  21  December  1971.  For  this  case,  tfie  ISIS  pass 
occurred  several  degrees  to  the  west  of  the  DMSP  field  of  view. 

As  shown  in  Table  4.1,  the  foot  of  the  trough's  poleward  wall 
(at  the  ISIS  pass  longitude)  is  about  4°  equatorward  of  f in 
the  DMSP  photograph.  The  only  ionosonde  station  furnishing  foF2 
data  within  the  DMSP  field  of  view  (i.e.,  Churchill)  shows  foF2= 
4MHz,  a value  consistent  with  its  location  within  the  poleward 
wall  (as  defined  by  the  ISIS  data  further  to  the  west).  For 
regions  to  the  east  of  the  DMSP  data,  a trough  in  foF2  (at  2MHz) 
and  in  TEC  (at  3'  10  * “e  1/cm*" ) appears  along  the  60^CGL  line.  Thus, 
throughout  the  North  American  sector,  the  ionosonde  and  TEC  data 
support  the  local  time  consistency  of  A$  • 4°  within  (and  several 
hours  to  the  east  of)  the  DMSP  field  of  view.  In  fact,  a trough 
minimum  of  foF2  * 2 MHz  near  60°CGl.  may  be  inferred  to  go  from  the 
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ISIS  sub-satellite  track  (pre-midnight)  to  the  west  European 
(pre-dawn)  sector. 

December  9,  1971 

DMSP  pass  at  0546  UT , ISIS  2 pass  at  0612  UT , 

K = 3-  -*lo,  AE  = 119  *-50 
P 

The  auroral  activity  in  the  midnight  sector  during  this 
period  has  been  well-documented  by  air-borne  all  sky  camera 
photographs  [Whalen  et  al,  1977] . The  DMSP  and  ISIS-2  observa- 
tions comprising  this  event  were  made  during  a quiet  interval 
between  two  substorms  that  differed  greatly  in  their  magnetic 
and  ionospheric  signatures  [Whalen  et  al,  1977]  . Figure  4.5 
reproduces  the  DMSP  image  with  an  overlay  of  geographic  co-ordi- 
nates projected  to  100  km  altitude.  Figure  4.6  is  a composite 
representation,  in  corrected  geomagnetic  co-ordinates,  of  the 
equatorward  edge  of  the  diffuse  aurora,  topside  sounder  foF2 
values  along  the  ISIS-2  track,  and  ground-based  foF2  data  and 
TEC  observations  from  the  network  of  stations  depicted  in  Figure 

4.3.  The  foot  of  the  poleward  wall  of  the  trough  appears  6.3° 
lower  in  latitude  than  the  equatorward  edge  of  the  diffuse  (DMSP) 

aurora.  Along  the  ISIS  sub-satellite  track  (which  in  this  case 

falls  within  the  DMSP  field  of  view)  the  separation  between  the 

top  of  the  poleward  wall  and  the  auroral  boundary  is  found  to  be 

3.3°.  The  ionosonde  stations  immediately  to  the  east  show  foF2^ 

5MHz  to  the  north  of  tpa  and  foF2  = 2 MHz  equatorward  of  <J>  . 

Looking  further  to  the  east,  ionosondes  poleward  of  <f>a  give  foF2 

in  the  5-6  MHz,  again  typical  of  poleward  wall  values,  while 

sites  equatorward  of  4>  show  foF2  values  more  typical  of  the 

pw 

trough  minimum  (i.e.,  foF2  = 2-3  MHz).  The  trough  in  TEC  has  its 
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minimum  near  60°,  with  3 x 10^  el/cm^  consistent  with  a 2 MHz 
peak.  In  fixing  the  trough  minimum  at  2 MHz  near  60°»  no  incon- 
sistency is  found  within  the  DMSP  field  of  view,  and  indeed  as 
far  to  the  east  as  the  western  European  foF2  stations  in  the 
predawn  sector. 

The  history  of  the  continuous  (v  diffuse)  aurora  in  the 

0000-1200  UT  period  on  December  9,  1971  has  been  documented  by 

Whalen  et  al,  (1977)  . They  find  rapid  and  extensive  latitudinal 

motions  of  both  the  equatorward  and  poleward  boundaries  of  the 

continuous  aurora  --an  observation  somewhat  at  odds  with  the 

relative  stability  of  diffuse  auroras  advanced  in  earlier  studies 

|Lui  and  Anger,  1973;  Akasofu,  1974) . Note  that  the  differences 

between  the  'diffuse'  aurora  (ISiS-2  scanning  photometer)  and 

the  diffuse  auroral  emissions  seen  on  the  DMSP  images  (4,500  - 

11,000  K)  may  be  more  significant  than  commonly  assumed. 

December  11,  1971:  Two  sets  of  consecutive  passes 
DMSP  pass  at  0655  UT , ISIS  2 pass  at  0725  UT,  K = 0, 

AE  = 32  * 29;  DMSP  pass  at  0837  UT , ISIS  2 pass* at 
0917  UT,  K = 0 -*■  1,  AE  = 23  » 38. 

Figures  4.7  and  4.8,  together  with  Figures  4.9  and  4.10, 
represent  two  sets  of  DMSP/ISIS  data  from  successive  passes 
during  an  interval  of  very  minor  and  apparently  localized  magnetic 
activity.  Very  faint  suggestions  of  magnetic  disturbance  seen  at 
^ 0930  irr  at  College  and  Fort  Churchill  occur  13  minutes  after 
the  second  of  the  satellites  (ISIS  2)  has  traversed  the  night  side 
auroral  latitudes.  While  the  two  sets  of  satellite  observations 
may  be  broadly  categorized  as  quiet-time  findings,  it  is  also 
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clear  that  magnetic  activity  was  slowly  on  the  ascendancy  during 
the  UT  interval  under  consideration.  The  response  of  the  equa- 
torward  edge  of  the  diffuse  aurora  to  increasing  magnetic  activ- 
ity in  this  instance  appears  to  be  a significant  poleward  migra- 
tion: from  67 .0°CGL  (0655  UT)  to  69.2°CGL  (0837  UT) . It  is  also 

interesting  to  note  that  as  the  equatorward  auroral  boundary 
moves  poleward,  so  does  the  poleward  wall  of  the  trough,  and  by 
about  the  same  amount  (See  table  4.1) . 

The  trough  and  its  poleward  wall  are  not  as  well  defined  in 
these  two  instances  as  they  were  in  the  December  9 and  21  cases. 
Table  4.1  summarizes  the  trough  features  at  the  ISIS  longitudes, 
and  Figures  4.8  and  4.10  present  "instantaneous"  composite  plots 
of  the  DMSP/ISIS/ground-based  observations.  Using  a worst-case 
approach,  the  poleward  walls  may  be  located  at  (61.6  - 63.8)°CGL 
during  the  0725  UT  pass  and  at  (63.5  - 66.2)°CGL  during  the  0917 
UT  pass.  Correspondingly,  the  equatorward  edges  of  the  diffuse 
aurora  (if>  ) are  (5.4  to  3.2)  degrees  and  (5.7  to  3.0)  degrees 

d 

respectively,  poleward  of  the  trough's  poleward  wall. 

In  both  cases,  the  ISIS  pass  occurred  to  the  west  of  the 
DMSP  image.  At  7 UT  (Fig  4.8) , a trough  minimum  with  foF2  < 2 MHz 
near  60°CGL  at  the  satellite  track,  and  a poleward  wall  with 
foF2  = 3 MHz,  appears  to  be  a consistent  feature  as  monitored  by 
the  ionospheric  stations  within  and  to  the  east  of  the  DMSP  field 
of  view.  In  figure  4.10,  the  9 UT  case  shows  a remarkable  consis- 
tency between  the  trough  characteristics  to  the  west  and  east  of 
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the  DMSP  photo.  The  TEC  observations  from  Thule  and  Narssarssuaq, 
coupled  to  the  foF2  values  from  Narssarssuaq  and  St.  Johns, 
support  a poleward  wall  near  70°CGL  from  the  midnight  to  dawn 


sector . 


DISCUSSION 


On  the  basis  of  ten  events  investigated  in  this  study,  the 
equatorward  edge  of  the  diffuse  aurora  seen  on  the  DMSP  images 
is  not  colocated  with  the  poleward  wall  of  the  main  electron  den- 
sity trough.  Apart  from  the  observation  that  the  auroral  boundary 
(DMSP)  is  always  found  poleward  of  the  trough  boundary,  no  system- 
atic relationship  between  A<J>  and  magnetic  activity  (Kp  or  AE,  for 
example)  could  be  found.  Of  course  a much  larger  statistical 
sample  than  contained  in  the  limited  number  of  case  studies  used 
here  is  needed  to  establish  whether  or  not  a systematic  behavior, 
does  indeed  exist. 

The  spectral  range  of  the  DMSP  detector  spans  the  4,500  & - 
11,000  & range,  with  maximum  sensitivity  at  v8,000  &;  this  is  not 
well-suited  for  auroral  investigations  although  approximate  pro- 
portionality between  the  visible  and  DMSP  range  is  believed  to 
exist  [Pike  and  Whalen  1974]  . The  diffuse  glow  seen  in  the  DMSP 
images  may  contain  contributions  not  only  from  the  diffuse  aurora 
[Lui  and  Anger,  1973;  Whalen  et  al,  1971;  Snyder  et  al,  1974]  but 
from  D- region  auroral  absorption,  unresolved  discrete  auroras,  F- 
layer  auroras  and  ground  albedo  [Whalen  et  al,  1977] . It  is  not 
possible  at  this  stage  to  establish  detailed  physical  correspon- 
dences between  the  auroral  displays  on  the  DMSP  images  and  particle 
precipitations  and  hence  between  the  optical  images  and  the  parti- 
cle-generated electron  density  gradients.  Bates  et  al  [1973]  have 
reported  several  observations  of  the  electron  density  maximum 
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associated  with  the  poleward  wall  occurring  1 to  2 degrees  equa- 
torward  of  the  visual  aurora.  The  equatorward  transport  of  auro- 
rally  produced  plasma  may  be  induced  by  equatorward  neutral  winds, 
as  Bates  et  al  suggests  or  by  E x B drifts — the  latter  effect 
presumably  being  present  to  varying  extents  at  all  times. 

By  far  the  major  portion  of  the  ionization  produced  by  pre- 
cipitating particles  in  the  auroral  energy  range  is  located  below 
the  F-region  peak  [Rees  1963;  Banks  et  al,  1974;  Mantas  and 
Walker,  1976]  and  chemical  processes  rather  than  vertical  diffu- 
sion dominate  the  evolution  of  particle-generated  ionization. 

The  main  trough  is  customarily  characterized  at  and  above  the  F- 
region  peak  where  in-situ  production  of  ionization  by  soft  (-  a 
few  hundred  eV)  particles  maximizes.  The  particles  responsible 
for  much  of  the  auroral  emissions  have  a harder  (1-20  keV)  spec- 
trum. The  diffuse  aurora  seen  on  the  DMSP  images  and  the  pole- 
ward  wall  of  the  main  electron  density  trough  are  probably  gener- 
ated by  different  classes  of  precipitating  particle  populations. 

The  time-scales  involved  in  auroral  emissions  and  F-region 
electron  density  changes  are  vastly  different.  While  precipita- 
tion, excitation  and  emission  are  more-or-less  concurrent  pro- 
cesses, accumulation  of  ionization  needs  at  least  a few  tens  of 
minutes  to  grow  to  appreciable  magnitudes  in  the  auroral  iono- 
sphere [Chacko  and  Mendillo,  1977;  Whitekker  1977] . Transient 
precipitation  events  (those  that  are  not  steady  in  time  and  space 
for  at  least  a few  tens  of  minutes)  could  therefore  lead  to 
auroral  emissions  to  be  captured  on  the  DMSP  images  without  an 

til  _ 


and  above . 


accompanying  enhancement  of  electron  densities  at  h 

max 

Figure  4.11  illustrates  schematically  the  problem  of 
establishing  correspondences  among  particle  precipitations, 
auroral  emissions  and  electron  densities  in  the  topside  ionosphere. 
In  addition  to  chemical  reactions,  vertical  diffusion,  heating. 
E-fields  and  neutral  winds  also  influence  the  redistribution  of 
auroral  ionization.  Estimates  of  the  strengths  of  these  complex 
processes  in  the  auroral  ionosphere  should  contribute  to  an 
explanation  of  the  apparent  lack  of  spatial  correlation  observed 
between  DMSP  images  and  topside  electron  density  features. 


PARTICLE  ENERGY  (keV) 
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APPENDIX  A:  h 

max 

There  appears  to  exist  a substantial  lack  of  consistent  ob- 
servational information  regarding  the  latitudinal  variation  of 

h from  mid-  to  high  latitudes.  There  are,  however,  a few  in- 
max 

dividual  stations  at  which  the  local  time  variation  of  hm,„  has 

max 

been  examined  closely  [e.g.  Thomas  and  Robbins,  195  8]  . Co- 
ordinated observations  along  a closely-spaced  meridian  chain  of 
stations  should,  in  principle,  yield  data  describing  the  latitu- 
dinal variation  of  hmax . However,  on  account  of  the  large  number 
of  parameters  on  which  hmax  is  known  to  depend  (LT,  solar  zenith 
angle,  solar  cycle,  season,  neutral  winds,  magnetic  activity- 
heating, E-fields,  auroral  ionization)  observations  spanning  the 
entire  range  of  each  of  these  variables  are  needed  to  construct 
average  profiles  of  as  a function  of  latitude.  No  such 

comprehensive  set  of  observations  seems  to  be  available  in  the 
existing  literature. 

Figure  A-l  shows  the  latitudinal  variation  of  hmax  between 
40°  and  80°  CGL  for  the  "base-level"  conditions  described  in 
Chapters  2 and  3.  In  examining  this  figure,  one  should  note  that 
(1)  the  number  of  observations  on  the  dayside  is  much  smaller  than 
that  on  the  nightside,  (2)  the  derived  values  of  h___,  are  gener- 
ally  considered  to  be  less  reliable  than  the  Nmax  values  obtained 
from  foF2  scalings  and  (3)  the  observations  were  made  by  a top- 
side sounder  which  usually  locates  hmax  up  to  a few  tens  of  km 
higher  than  a bottomside  sounder. 


The  most  striking  feature  of  Figure  A-l  is  perhaps  the  near- 
convergence of  the  two  hlnax  curves  at  higher  latitudes  to  a com 
mon  value  of  300-310  km  between  ^67°  and  80°  CGL.  At  midlati- 
tudes, the  noontime  h value  of  ^250  km  is  110  km  lower  than 

max 

the  midnight  level  of  ^360  km.  This  value  of  Ahmax  is  comparable 
to  the  100  km  diurnal  variation  commonly  quoted  (Rishbeth  and 
Garriott,  1969) . The  convergence  to  a common  level  at  high  lati- 
tudes is  achieved  by  lowering  on  the  nightside  and  raising  on  the 
dayside  of  hmax  levels  by  equal  amounts  of  ^50  km.  This  transition 
occurs  between  ^55°  and  65°  CGL  at  both  noon  and  midnight.  Note 
that  this  CGL  range  encompasses  the  minimum  of  the  main  electron 
density  trough  on  the  nightside  and  the  solar-zenith-angle  con- 
trolled rapid  drop  in  electron  density  on  the  dayside  [Mendillo 
and  Chacko,  1977;  Chacko  and  Mendillo  1977;  see  Chapters  2 and  3]  . 

If  the  functional  relationship  of  h„  with  the  various  var- 

max 

iables  on  which  it  depends  can  be  established,  either  from  model 
calculations  or  empirically,  the  base-level  hmax  behavior  shown 
in  Figure  A-l  can  be  used  to  generate  estimated  hmax  variations 
under  other  conditions.  Figure  A-2  shows  the  latitudinal  behavior 
of  hmax  under  geophysical  conditions  similar  to  those  pertaining 
to  Figure  A-l,  except  for  a higher  mean  value  of  3.5.  Note 
that  the  noon  hmax  pattern  remains  essentially  unaltered  up  to 
^70°  CGL,  beyond  which  the  values  continue  to  rise.  Near  mid- 
night, however,  an  enhancement  of  from  0.5  to  3.5  results  in  a 
raising  of  the  hmax  level  by  ^20  km  at  midlatitudes. 
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APPENDIX  B:  THE  TROUGH  DURING  DISTURBED  PERIODS . 

Figure  B-l  shows  the  counterpart  of  Figure  2.4  for  a Kp 
value  of  3.5.  Eleven  satellite  passes  between  December  6 and  27, 
1971  contributed  to  this  average  trough  pattern  near  local  mid- 
night during  disturbed  periods  in  the  middle  of  winter.  Table  B-l 
lists  the  co-ordinates  of  the  breakpoints  which  may  be  used  to 
generate  the  disturbed-period  trough  pattern  shown  in  Figure  B-l. 
The  pattern  at  450  km  may  be  taken  as  the  description  of  charac- 
teristic features  of  the  disturbed  trough  near  h__„.  Note  that 

max 

at  topside  heights  the  trough  minimum  shows,  assuming  linearity, 
the  following  K - dependence:  A_  = 60.5  - 1.67  K . 

r r 


CORRECTED  GEOMAGNETIC  LATITUDE 

tation  for  disturbed  trough  constructed  using  11  ISIS 


TABLE  B-l.  Coordinates  of  Ne(h)  Versus  Latitude  Segments  from 
Parameterization  Analysis  of  K ^ 2-  Troughs 


■a 


r-l 

ID 

00 

CN 

C" 

CO 

<v 

ID  O 

ov  o 

in  o 

as  o 

in  o 

co  o 

■p 

00 

• • 

• • 

• • 

• • 

• • 

• • 

o 

in  o 

CN  O 

rH  o 

o o 

o o 

o o 

ai 

00 

00 

00 

00 

00 

oo 

P 

P 

0 

u 

CN 

VO 

CO 

Os 

04  O 

00  CT\ 

o as 

VD  rH 

^ co 

cn 

<u 

r- 

• • 

• • 

0 0 

• • 

• • 

• • 

x: 

m o 

rH  Ch 

rH 

o o 

o o 

o o 

p 

r-* 

ID 

VD 

r- 

r* 

01 

•H 

in 

co 

rH 

co 

o 

00  rf 

in  cn 

rH  rH 

co  co 

a\  vo 

VD  rH 

VO 

• • 

• • 

• • 

• • 

• • 

0 0 

in  ov 

co  ov 

cn  a\ 

rH  OV 

O ON 

o o 

CO 

ID 

VO 

VO 

VO 

VO 

£ 

oi 

0 

p 

\ 

c 

rH 

•H 

VO 

in 

in 

rH 

CN 

co 

ai 

0 

a>  <n 

rH  cn 

in  co 

VO 

o 

VD  <T* 

• 

a. 

in 

• • 

• • 

• • 

• • 

• • 

• • 

CN 

IX  I— 1 

^ rH 

CN  rH 

rH  rH 

rH  rH 

o o 

O 

c 

VD 

VO 

VD 

VD 

VD 

VD 

rH 

p 

0 

ai 

•H 

4-1 

p 

p 

o 

a 

•H 

co 

CN 

CN 

uo 

IT) 

c 

*T  <Ti 

rH  0> 

<n  i-H 

ON  CO 

VO  VO 

^ co 

U) 

x: 

•H 

• • 

• • 

• • 

• • 

• • 

• • 

p 

u 

4-1 

co 

CM  Cl 

r-l  O 

o o 

o o 

o o 

•H 

a) 

in 

in 

VD 

VD 

VO 

VD 

c 

% 

a 

3 

rH 

p 

C 

a> 

c 

r* 

in 

rH 

TT 

O 

•H 

»H 

o ID 

co  in 

CN  ^ 

00  CO 

VD  CO 

in  cn 

X) 

CO 

• • 

co  o 

• • 

r-l  O 

• • 

*H  O 

• • 

o o 

• • 

o o 

• • 

o o 

c 

o • 

c3 

<u 

in 

in 

in 

in 

in 

in 

•P  01 

01 

P 01 

<U 

IT)  0) 

a) 

P P 

W 

o 

00 

VD 

o 

vo 

P Cn 

co  <r> 

in  av 

r-  cn 

VD  CN 

o oo 

C Q) 

CM 

• • 

» 0 

0 0 

• • 

• • 

• • 

<y  t 

01 

id 

VO  CM 

cn  cn 

CN  co 

CN  CN 

*-H  CN 

o 

C 

TJ* 

** 

c c 

O 

0 -H 

•H 

o 

p 

a) 

•H 

rH 

<T\ 

cn 

in 

in 

C T) 

c 

o o 

in  o 

r»  o 

VD  O 

-H  O 

00  o 

O 3 

•H 

rH 

• • 

• • 

• • 

• • 

• 0 

• 0 

p p 

4-1 

o 

ID  O 

cn  o 

CN  O 

CN  O 

rH  O 

«P  -H 

0) 

TT 

O P 

T3 

<V  H3 

•H  rH 
0) 

o 
a)  -h 

c 

01  tJi 


p 

c 

01 


REFERENCES 


Rishbeth,  H.  and  O.K.  Garriott,  Introduction  to  Ionospheric 
Physics,  p 171,  Academic  Press,  New  York,  1969. 

Thomas,  J.O.  and  A.  Robbins,  The  electron  distribution  in  the 

ionosphere  over  Slough-II,  Disturbed  days,  J.  Atmos.  Terr. 
Phys . , 13,  131  (1958) . 


